Implementing the Clean Development Mechanism: An Integrated Assessment of Small Energy Projects in Peru. by Solis Garcia, Karla del Pilar.
Implementing the Clean Development Mechanism: an integrated 
assessment of small energy projects in Peru
Karla del Pilar Solis Garcia
Portfolio of work submitted to the 
University of Surrey 
for the degree of
Engineering Doctorate in Environmental Technology
April 2007
i
ProQuest Number: 27727144
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com plete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 27727144
Published by ProQuest LLC (2019). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106 -  1346
Abstract
This Engineering Doctorate has made new findings to overcome the barriers for 
small-scale projects under the Clean Development Mechanism (CDM). It has built 
knowledge of how the CDM can work in practice, using the example of operational 
small renewables projects in rural Cajamarca, Peru. A multi-disciplinary study of the 
sustainable development, environmental and financial aspects of these 
technologies is carried out.
The study explores sustainability aspects of micro-hydro and solar projects and 
proposes to the Peruvian CDM authority a new scheme for assessing the 
sustainable development delivery of similar proposals. It is concluded that the key 
requirements for successful projects are: a) local involvement at all stages, b) 
outside support to create utilisation activities, c) careful electricity tariff 
implementation to ensure long-term financial sustainability and d) local capacity 
building.
This work establishes carbon emission factors of 0.4-3.5 tC02/kW and 345 
kC02/household/year for mini-grid diesel and kerosene baselines respectively 
(when the plant capacity and number of households are known). The approach 
used can be applied in other developing countries projects.
The research quantifies the costs of the two technologies studied over their lifetime 
and compares the costs to those of using typical sources of energy such as 
kerosene, candles, battery charging and mini-grid diesel. It is found that micro- 
hydro and solar electricity are cheaper options than other sources of energy used.
Finally, the research makes clear that support and incentives are still needed to 
encourage national private investors and that international investors can find extra 
difficulties, as there are political, social and cultural barriers to face. The financial 
analyses show that bundling could be an alternative under the CDM only if micro- 
hydro and solar projects are proposed together with technologies of higher 
emission reductions potential and countries with greater baseline levels.
Key words: small-scale projects, CDM, sustainability, C02 reductions, bundling, 
additionality, Peru.
Abstracto
Este doctorado en Ingenierîa Ambiental présenta como enfrentar les retos de les 
proyectos de pequena escala, dentro del Mécanisme de Desarrollo Limpio (MDL). 
En esta perspective, ha elaborado conocimiento de como el MDL puede ser 
aplicado, usando el ejemplo de proyectos pequehos en estado operacional en 
Cajamarca, Peru. Para ello, se ha realizado un estudio multi-disciplinario de los 
aspectos de desarrollo sostenible, ambiental y financieros de estas teenologias.
La investigaciôn explora los aspectos de sostenabilidad de proyectos de micro­
centrales hidroeléctricas y paneles solares, a la vez que propone, a la autoridad 
Peruana del MDL, un nuevo esquema para evaluar los bénéficies al desarrollo 
sostenible en propuestas similares. Se ha concluido que los requerimentos claves 
para el éxito de proyectos son: a) participaciôn local en todas las etapas, b) apoyo 
externo para crear actividades de mercado, c) implementaciôn cuidadosa de una 
tarifa de electicidad para asegurar la sostenibilidad financiera a largo plazo y d) la 
construcciôn de capacidades locales.
Ademâs, se propone factores de émision de carbono de 0.4-3.5 tC02/kW y 345 
kC02/vivienda/ano para lineas de base de mini generadores diesel y kerosene. 
Estas figuras cuantifican lineas de base para proyectos similares en otras areas del 
Peru.
La investigaciôn cuantifica los costos de las dos teenologias estudiadas y los 
compara con fuentes tipicas de energia -como kerosene, vêlas y mini generadores 
diesel-. Se ha demostrado que la electricidad proveniente de micro-centrales 
hidroeléctricas y paneles solares son opciones mas baratas.
Finalmente, se establece que apoyo es requerido para incentivar a los 
inversionistas privados nacionales y extranjeros. El anâlisis financiero demuestra 
que agrupar proyectos es una alternative bajo el MDL, solo si las propuestas se 
unen con teenologias que reducen mas emisiones.
Palabras claves: pequena escala, MDL, sostenabilidad, reducciôn de C02, cartera, 
adicionalidad, Perü.
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Implementing the Clean Development Mechanism: an integrated assessment
of small energy projects in Peru
1. Background and importance
This research builds practical and strategic knowledge of how to assess small-scale 
Clean Development Mechanism (CDM) activities set up under the Kyoto Protocol, 
specifically on micro-hydro and solar renewable technologies in a region of similar 
social and economic characteristics, rural Cajamarca in Peru. Clean renewable 
sources have the potential to provide the energy needed for human development at 
the same time as reducing pollution and thus mitigating climate change. They also 
have great potential to cope with the future energy demand. Small renewables are 
alternatives that can provide light for the 1.6 billion people in the world who 
currently live without access to electricity.
The CDM is one of the Kyoto Protocol mechanisms that can be used to reduce 
greenhouse gas (GHG) emissions. The CDM has dual objectives; it allows project 
developers from developed countries to earn Certified Emissions Reduction (CERs) 
credits for investing in projects that reduce emissions in developing countries. 
Under the CDM, therefore, the opportunity for developing countries to receive 
support to achieve sustainable development is enhanced, see Figure 1. However, 
the environmental integrity and commercial attractiveness of CDM projects depends 
on making the process of obtaining the CERs simple, equitable and cost-effective.
Figure 1 The dual objectives of the CDM
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There are concerns (Kartha et at. 2004) that the project approval process can 
involve:
a) high administration costs,
b) complexity of emissions calculation, and
c) lack of an approach to assess sustainable development of CDM proposals.
The administration costs can represent a crucial barrier to some otherwise valid 
projects, especially small-scale projects. The initial stage of a CDM project can 
absorb most of the administration costs, specially the development of the CDM 
project proposal, called a Project Design Document. In order to help level the 
playing field for small projects, the Executive Board for the CDM includes a 
provision to ‘fast-track’ small-scale CDM projects1, through simplified approval 
criteria, including emissions reduction accounting methods.
The fundamental importance of developing energy resources in developing 
countries cannot be overstated: they provide services to meet many basic human 
needs, particularly light and motive power. Business, industry, commerce and 
public services (such as modern healthcare, education and communication) are 
highly dependent on energy. Indeed, there is a direct relationship between the 
absence of adequate energy services and many poverty indicators, such as infant 
mortality, illiteracy, reduced life expectancy and total fertility rate (IEA 2004). 
Inadequate access to energy also exacerbates rapid urbanisation in developing 
countries, by driving people to seek better conditions of living by leaving rural areas.
This Engineering Doctorate (EngD) project aims to develop our understanding of 
current CDM policies on the establishment of sustainable energy technologies in 
developing countries such as Peru. It applies multi-disciplinary approaches to 
analyse the environmental, financial and sustainable development aspects of small- 
scale energy schemes at project level and at CDM level. It provides
1 Renewable energy projects with less than 15MW of capacity are one type of the small- 
scale CDM activities^ (UNFCCC 2002b). This type can be on-grid connected or off-grid and 
can serve domestic, industrial or both purposes. Solar, wind, and hydro technologies are 
part of small CDM renewables.
recommendations at the international, national and local levels; these are 
developed from the results of these investigations.
2. Objectives
There are four main objectives of this EngD research:
• To assess the sustainable development benefits of micro-hydro and solar 
projects in Cajamarca, Peru.
• To establish the GHG emission reductions2 of the Cajamarcan projects, 
recommending an appropriate way of calculating those emissions.
• To explore the financial implications of the Cajamarcan projects, considering 
the user, investor and developer perspectives.
• To test barriers for implementing small-scale CDM energy activities; hence 
to explore if these projects are additional 3 and to recommend procedures 
for bundling4 these activities.
The next section discusses the approaches applied to achieve the objectives; and 
Figure 2 gives an overview of the research strategy and of the summary structure.
3. Approach, data sources and analysis
This project was inspired by the rapid development of the new carbon market. The 
idea originated from both academic and business points of view. In terms of 
academic research there is a new range of topics that need to be studied in detail in 
the climate change field, in order to make new market models such as the CDM 
feasible. It was decided to concentrate in small-scale renewable technologies with 
the potential to supply electricity to rural areas which avoid GHG emissions. The 
aim was to discover if these types of projects are feasible within the CDM under the 
current conditions in Peru
2 Emission reductions are the difference between baseline and the CDM project emissions. 
The first are the emissions that could occur before the implementation of the CDM project. 
The CDM project emissions are the possible emissions that the project releases during its 
operation. For instance, the emission reductions of a hydro project accounts only for 
baseline emissions because the operating emissions are zero as no fuel is being burnt.
3 A CDM project is additional if it achieves GHG reductions above the baseline case; if it is 
financially un-attractive and if it faces barriers, such as political and technological, that 
prevent its implementation
4 Bundling refers to aggregate small projects into a single emission reduction project.
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The fact that the Research Engineer has a Peruvian background played an 
important role in deciding the country of study, as data would be more accessible 
considering the language potential and the understanding of the culture. Academic 
links with an international non-governmental organisation based in Peru also 
facilitated access to rich sources of data from current projects.
The business case for the research was exemplified by Shell Global Solutions-UK, 
a consultancy of the Shell Group, and the sponsor company for this EngD project. 
This consultancy was expanding its sustainable development business, which 
included a climate change unit. This unit was targeting the development of 
financially sound services. For that, it needed more hands-on knowledge of the new 
carbon market. The unit was interested in learning from experience and in funding 
research under the CDM framework (the unit proved to be short-lived and operated 
for only two years of the Research Engineer’s placement). This section gives the 
background to the case study projects and presents the approaches used for each 
of the objectives.
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3.1. Case study projects
Nine projects in rural Cajamarca were selected for the study, based on three
criteria: location, capacity and use of electricity.
Table 1 Projects investigated in the study
Community Province Type Capacity
kW
Main electricity use
Trinidad Contumaza Micro­
hydro
5 Domestic
Yumahual Cajamarca 11 Industrial
El Tinte Cajamarca 14
Chalân Celendin 25 Domestic
Atahualpa I Cajamarca 35 Industrial & domestic
Chugur Hualgayoc 75 Domestic
Conchân Chota 80
Atahualpa II Cajamarca Solar 50 Wp/system
Ahijadero Hualgayoc Status quo (without an energy system in place)
The first stage of the research was to collect technical and financial information for 
each project. Surveys were developed and applied during a field trip. Visits to 
seven communities with micro-hydro plants, one with 50 solar home systems and a 
status quo community 5 were carried out, see Table 1. The surveys addressed 
questions for the baseline and the abatement technologies; they considered:
• which fuels were used before the installation of the new projects,
• what energy service was and is delivered,
• how much fuel was consumed, or is still being consumed,
• the sum of money spent on fuels or electricity,
• the level of investment and
• the sources of investment.
Thesis Chapter II, Research approach, presents details of the data acquisition 
process and Chapter III, Peru context, summarises data from each project.
5 These energy projects have been developed and implemented by the non-governmental 
organisation Intermediate Technology Development Group, which is based in the UK and 
has offices in Peru.
3.2. Sustainability analysis of small energy projects
One of the objectives of the project was to find a way to assess sustainable
development of potential small-scale CDM energy projects in Peru. This was 
undertaken because the assessment is not clearly established either under the 
CDM or in Peru. A sustainability approach to assess CDM projects is developed. 
This evaluates one solar project and seven micro-hydro projects in order to identify 
factors affecting performance and to derive lessons. The assessment applies multi­
criteria decision analysis.
The reason of including one case study of solar technology was due to the fact of 
data availability as this project is also located in the region of Cajamarca. The study 
of this project was taken as an opportunity to assess a solar case as there is 
minimum research carried out so far about solar technology performance in Peru. It 
is important to clarify that the findings from this solar case assessment should not 
be used as representative for Peru because the case shows the analysis of only 50 
solar home systems in one location of Peru. The findings provide an indication of 
how a similar project implemented in the same conditions -such as rural settings, 
household income, investment sources, etc. -can perform. Furthermore, the 
findings from this solar project are not being used to compare solar and micro-hydro 
technology in Peru.
3.3. GHG analysis of small energy projects
The next stage was to evaluate the GHG emissions, specifically C02 emission
reductions for small energy systems (ranging from 2 to 80 kW) and compare the 
different approaches used to assess reductions. The emission reduction 
calculations were carried out following the Revised IPCC Guidelines for National 
GHG Inventories (IPCC 1996), UNFCCC simplified methods for small-scale energy 
projects (UNFCCC 2004c) and the baseline algorithms proposed by the Dutch 
government (CERUPT 2001).
3.4. Financial analysis of small energy projects
The third stage was to explore the financial implications of the small energy
projects. For that, life cycle costing6 and financial approaches7 were applied to
6 Life cycle costing is an assessment of all costs associated with the life cycle of a product 
or a system. It has recently emerged as a tool to assess the economic dimension of 
sustainability (Hunkeler et al. 2005, p306).
compare costs of micro-hydro and solar technologies against typical energy 
sources in Cajamarcan villages. This comparison was carried out at two levels: 
domestic and industrial. The domestic level quantified kerosene lamps, candles and 
battery charging costs and the industrial level, diesel generators. Capital, 
replacement and running costs were assessed for each energy source.
3.5. Bundling and additionality of small energy projects
Transaction costs of hypothetical small-scale CDM activities were assessed using
the data from the seven projects already studied. Sensitivity analysis was carried 
out on key variables affecting these costs with a view to bundling micro-hydro and 
solar projects. Financial approaches such as internal rate of return and net present 
value were used.
Finally, the barrier test approach suggested by the CDM Executive Board 
(UNFCCC 2004c) was applied to assess the additionality of the case study projects. 
The following sections summarise the results from each of these stages of the 
work, then present proposals for the CDM framework regarding small-scale 
projects. This is followed by recommendations for Shell Group and an explanation 
of the structure of this EngD thesis.
4. Sustainability analysis
This section summarises how the sustainability analysis was carried out for the 
case study projects in Cajamarca.
Chapter IV, Sustainability analysis, applies multi-criteria decision analysis theory to 
assess the projects on the 15 micro-indicators developed. The micro-indicators 
evaluate six aspects of sustainability: social, economic, environmental, capacity 
building, long-term and technology transfer. They were used at local level because 
it is argued that small projects could not make a contribution at country level. The 
indicators were evaluated using expert input, which followed project data from field 
visits and focus group discussions. Each project was assessed against a status quo
7 Present value, net present value and internal rate of return are the approaches used for 
this assessment.
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situation i.e. a community without an energy plant. From this work the Sustainability
Assessment Model for Peru was proposed8.
The results of this study suggest that communities with an electricity system are 
better off. Under this analysis solar projects are an attractive alternative in relation 
to typical energy sources for rural areas; despite the high investment costs and the 
lack of local expertise and equipment supplies. They can reduce household energy 
costs, improve quality of life and allow social integration. However, production 
activities from solar projects are not very likely to happen because of the low 
capacity of the systems, less than 50 W 9. At the same time, hydro technology is 
shown to deliver better benefits than typical existing energy sources. This 
technology can enable production activities such as bakeries, improvement in 
health and education, and reduction of energy expenses. For both solar and hydro 
projects studied the long-term sustainability is at risk if no management measures 
are applied by their owners. Owner models are also important with particular 
problems associated with political aspects of public ownership.
The results of this analysis also show that energy access does not necessarily 
create employment. This requires adequate local programmes that use the energy 
generated for production activities. The energy access in communities is not always 
distributed to all households for micro-hydro projects. There are two main reasons: 
prohibitive connection fees and inadequate capacity. The main environmental issue 
of the energy systems studied was land and water contamination derived from 
treating the old car batteries used for lighting or to power appliances. There is no 
management in place to deal with this.
The sustainability assessment concluded that the following key considerations are 
needed for successful projects: local involvement at all stages, outside support to 
create production activities, careful electricity tariff implementation to ensure long­
term sustainability and local capacity building for technology.
8 This approach is based on Begg’s sustainability model for small projects (Begg et al. 
2003).
9 A 50 W solar system typically provides 200 Wh/day of electricity when it runs for four 
hours. This electricity is enough to power 3 energy efficiency bulbs (10 V each) for 3 
hours/day and one black and white TV (100 W) for one hour/day.
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Table 2 Sustainability assessment of small energy plants
Micro-indicators How to assess sustainability? Whom/when?
Social
Services and activities Field visit by expert to quantify the number of 
services and activities created
CONAM
Annually
Quality of life Stakeholder consultation preferred through 
focus group considering that locals do not always 
have access to common means of 
communication and their literacy level is low
CONAM
Before and during project 
implementation. E.g. every 
crediting period
Education Assessment of education performance can be 
carried out by expert judgment during a field visit 
of the project
Local education authorities. 
Annual reports/assessment
Health Stakeholder consultation and reporting from the 
national health authorities
Local health authority 
Every crediting period
Integration Stakeholder consultation and post-project 
reporting
Developers 
Every crediting period
Equity Post-project reporting CONAM and Developers 
Every crediting period
Economic
Cost effectiveness Quantification of the energy costs before and 
during operation of the plant.
For the baseline case, this is carried out within 
the feasibility study. For the project case, the 
quantification can be available from the records 
of the electricity fees
Developers
As part of the monitoring 
task.
Annually
Employment and 
business generation
Quantifying the number of jobs and businesses 
created after the installation of the energy plant
Local authority 
Every crediting period
Environment
Water and land impact Qualitative assessments of the management of 
the discharge of old lead batteries Developers
Air impact Quantification of emissions reductions. Part of 
the monitoring plan
Annual reporting
Noise impact Stakeholder consultation and field visit
Capacity Building
Involvement
Training
Stakeholder participation. The stakeholder 
consultation with fair representation of the 
community. CONAM should also require a 
minimum of women being trained in energy 
issues. This training should be organised by the 
developers
Developers
Annual
Long term needs
Future sustainability
Quantitative assessment of financial provisions 
for the long-term run of the plant. E.g. An extra 
fund for the replacement of the systems should 
be created as part of the users electricity fee.
Developers
Reporting
Annual
Technology transfer i * *> t  -i
Self-reliance Qualitative assessment of the activities to built 
technical expertise at local level. Including supply 
of spare parts of equipment.
Developers, national and 
local authorities
xvi
From this analysis a specific proposal, the Sustainability Assessment Model for 
Peru, was derived for the national climate change entity10 (National Council of 
Environment or CONAM). This approach can assess the sustainable development 
delivery of small-scale CDM energy projects in Peru. This will enable to support the 
long-term sustainability of any small energy project. CONAM’s role should be to 
coordinate, facilitate and evaluate the relevant indicators. Table 2 proposes the 
indicators, how to assess them, which institution should be in charge and when to 
report. To assess sustainability of CDM projects CONAM will need to establish 
capacity to apply this approach. This proposal is presented in Chapter VIII, 
Integrating findings and recommendations.
5. GHG analysis
Chapter V, GHG analysis, evaluates the C02 emission reductions for small energy 
systems, ranging from 2 to 80 kW, and compares different approaches to the 
assessment of reductions. It also proposes carbon emission factor baselines for 
rural communities in Peru and monitoring plans to verify C02 reductions. These 
proposals would simplify the project design document development of similar CDM 
energy applications.
The calculation of emission reductions was carried out following the Revised IPCC 
Guidelines for National GHG Inventories (IPCC 1996), UNFCCC simplified methods 
for small-scale energy projects (UNFCCC 2004c) and the baseline algorithms 
proposed by the Dutch government (CERUPT 2001 ).
From this study it is concluded that there is no simple relationship between the 
capacity of a system and the amount of reduction in emissions. The relation 
depends on the load factor of the plants, the type of baseline substitution, typical 
lighting fuels (diesel generators or grid electricity), the average fuel consumption in 
communities (depend on poverty level) and on the services they use. For example, 
in rural Cajamarca the main emissions come from kerosene and milling. Hence, 
reliable data for these sources is required in order to develop baselines for small 
CDM projects from the national database. This will support bundling these projects.
10 Under the CDM, this entity is called the Designated National Authority or DNA and it is in 
charge of the CDM project approval process in the country.
It is suggested for small CDM energy systems in rural areas, that the C02 
emissions reduction quantification should be carried out explicitly in two parts: for 
lighting and for services. In that way, clear baseline emission scenarios can be 
demonstrated. For example, kerosene for lighting plus off-grid diesel generators or 
grid electricity milling. For rural Peru, use of the following carbon emission factors is 
recommended: 0.4-3.5 tC02/kW and 345 kC02/household/year for off-grid diesel 
and kerosene baselines respectively (when the plant capacity and number of 
households are known respectively)11. These factors are useful in developing 
baseline scenarios for similar energy projects in the country. In order to monitor the 
emission reductions the operators should be in charge and must report to the 
developers and certifiers. They in turn need to visit project locations by sampling at 
least 10% of each project type.
The projects studied show that rural communities could use national grid electricity 
for services. However, these baseline emissions are not considered in the 
UNFCCC (2004c) method for small renewable projects (Appendix B: Type IA and 
IB categories). A provision for this source should be included. This could use the 
database provided by IEA (2001) with carbon emission factors for a country’s 
national grid system. On the other hand, the standard equation suggested by 
CERUPT (2001) can overestimate C02 reductions for kerosene consumption levels 
lower than 50 L/year/household. Hence, that method is only recommended for 
projects with greater consumption levels.
This study has shown that C02 emission reductions from lighting and service 
activities are low in the cases studied. The reductions are insufficient to make small 
energy projects financially attractive to investors and the transaction costs would 
remain high. However, it can be said that the renewable projects studied are 
environmentally additional and provide a more reliable and efficient service.
6. Financial analysis
Chapter VI, Financial analysis, assesses the life cycle costs of micro-hydro and 
solar technologies during 25 and 20 years respectively 12 and compares these costs 
to the baseline energy sources in Cajamarca. From this financial assessment it can
11 Refer to Table 27 and Table 29 in Chapter V.
12 These years were selected as the most feasible operating lifetime for each technology; a 
micro-hydro plant operates for 25 years while solar panels, for 20 years.
be concluded that in rural Cajamarca MHP and SHS technologies are cheaper 
options for electricity generation than the use of current sources of energy: 
kerosene, candles, battery charging and diesel generators. The MHP technology 
analysed shows that energy plants using the electricity for production activities 
provide better opportunities for sound financial performance. A point to note here is 
that, among the schemes studied, there were better chances of good performance 
(for example, organisational and financial) in projects that were located closer to the 
main city than in projects that were in more isolated communities. In the latter, there 
were fewer possibilities to create new production activities and to increase the 
electricity load.
From this study it appears that MHP technology is more economically feasible for 
the users in the long term than SHS schemes. The average cost of MHP 
technology in Cajamarca is between US$ 1,300-4,000/kW and the average cost of 
SHS is more than US$ 18,000/kW. Although MHP technology is a cheaper option 
for the local people it is not always easy to promote its acceptance. In small 
communities, for cultural and political reasons, people may refuse and doubt the 
economic benefits of the technology. This is one of the most difficult problems that 
developers have to face when a project is in an early stage.
The data revealed that MHP projects owned by private or cooperative investors 
tend to be more financially sound than projects owned by local government. The 
former class of ownership used the electricity for production facilities and for 
domestic use. Hence, the key is to promote businesses in these villages.
The analysis presents five main variables for determining the financially successful 
projects: the use of the electricity for combined production activities and household 
needs, the location of the project, the management of the plant, the use of a high 
load factor and the size of the plant.
The details of the approach used to carry out his life-cycle cost analysis is also 
presented in Chapter VI, this can be applied to study similar energy projects.
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7. Bundling small projects under the CDM
Chapter VII, Cajamarcan energy projects as CDM, analyses the possibilities for 
bundling micro-hydro and solar technologies in Cajamarca within the CDM context. 
This analysis shows that bundling micro-hydro plants as CDM activities can support 
the technology only if more than about 80 projects are grouped to achieve an 
underlying financial strength: internal rates of return are around of 5% over 25 
years. It can be concluded that selling CERs can therefore support financing of 
micro-hydro technology in Peru. Solar technology in Peru is still an expensive 
option as CDM due to high capital costs and low emission reductions.
MHP projects in Peru are unlikely to be very attractive under the CDM, as they do 
not lead to substantial reductions in emissions. Therefore, a way to promote the 
technology is by bundling these projects in two ways: a) with other projects that 
produce higher emission reductions (such as biomass) and/or b) with countries of 
greater baseline levels (it is acknowledge that the administration process and costs 
might be difficult in this case).
Bundling institutional framework
It is suggested that an official bundling organisation should be in charge of these 
activities. This entity could be a development agency with experience of and 
interest in the technologies at developing country level and in the CDM. It would be 
responsible for: proposing to the CDM Executive Board bundling arrangements in 
developing countries; taking bundled projects through the CDM cycle; and for 
contacting designated operational entities for validating, verifying and certifying 
projects. It would also coordinate with the Designated National Authorities of host 
countries as well as donor countries for a bi- or multi-lateral process. Figure 3 
provides an overview of how bundling could work.
Another way to reduce transaction costs for small projects is to allow the use of 
standardised Project Design Documents per country that do not require the 
certification of a Designated Operational Entity. For instance, eligible small projects 
could be allowed to submit a CDM Project Design Document directly to the 
Executive Board for registration, providing that the Designated National Authority of 
the host country has previously approved the project.
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On the other hand, it is also important to highlight that developing large groups of 
micro-hydro projects requires both in-country expertise and structured 
organisational frameworks. These are not always available in poor countries.
Figure 3 Overview of possible CDM bundling entity
CDM Executive 
Board
Designated National Authorities 
Designated Operational Entities
CDM bundling entity 
e.g. development agency
SHS projects
SHS projects
Notes:
 Bundling with other projects that produce higher emissions
 Bundling with countries of greater baseline levels
Bundling in Peru
So far the Peruvian Government has been very active in building institutional 
capacity to deal with climate change policies, especially the CDM. This allows 
flexibility and support for overcoming transaction costs of small CDM projects, as 
the subsidy of approval costs, the promoting institutions and the trading capacity 
demonstrates. However, specific support on approving and promoting small 
projects is still needed. Under the national strategy, CONAM recognises the 
national potential for small activities but it does not mention a strategy to promote 
these projects (CONAM 2003). Hence, it can be concluded that in Peru there is the
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willingness and capacity to support CDM implementation in general, but there is still 
room for improvement in the promotion of small CDM projects and in attracting 
institutions for bundling small-scale projects.
8. Additionality analysis: barrier tests for small projects
Chapter VII also analyses the additionality criterion of micro-hydro projects in Peru
using the barrier test approach suggested by the CDM Executive Board (UNFCCC 
2004c). The test carried out for the energy projects suggested the following barriers 
at regional level, Cajamarca, under business as usual:
• high capital costs;
• low electricity fees;
• lack of local technical capacity;
• lack of user involvement and unwillingness to increase fees.
At country level, the results of this test show that seven out of the ten barriers 
analysed demonstrate that micro-hydro technology is difficult to implement under 
business as usual circumstances. The main barriers to address are the following:
• The difficulties in supplying MHP equipment to rural areas (because of 
isolation of villages and the issue of the transport costs).
• The lack of finance provision for the operation and maintenance costs of the 
plant (which sometimes forces the plant to stop operating).
• The long development process (which can take up to 4 years)
• The risk of bureaucracy (which can increment the time of the development 
and its costs)
• The shortage of capital at the national level (low foreign direct investment 
together with high risks in the country)
e The lack of financial mechanisms at the local level
• Finally, the lack of information about renewable energy.
Micro-hydro projects in Peru clearly qualify as CDM under the additionality criteria 
as there is more than one barrier for their implementation.
9. Small CDM projects proposal to the Executive Board
The principal outcome of the work programme summarised above has been the
development of a proposal to the Executive Board (see Chapter VIII) for the 
treatment of small-scale CDM energy projects. It concludes that under the current 
circumstances many small energy technologies will not be able to absorb the 
significant costs inherent in developing CDM projects. The costs for formulating 
baselines and certifying emission reductions for small projects would destroy any 
climate-friendly investment incentives provided by the CDM, leaving such projects 
as non-competitive. As this work demonstrates, many small projects are able to 
deliver safe and clean energy and it is essential to support these projects in order 
to promote sustainable development and to support climate change mitigation. This 
research indicates that further action needs to be taken to allow small projects, 
such as micro-hydro and solar technologies, to benefit from the CDM funding 
opportunities.
It is recommended that the Executive Board should, therefore, consider the 
proposal outlined below in order to improve the prospects for small CDM projects 
and to provide incentives to speed the market penetration of clean technologies. 
These technologies play a very important role as choices to provide light for the 
rural poor in developing countries. The proposal has the following key features, 
presented according to the project cycle, for simplifying and supporting small CDM 
projects, balancing environmental integrity and practical implementation:
Key feature 1 : Project eligibility
A new category for very small off-grid energy projects that are less than 1 MW 
needs to be created, with the lowest currently existing category becoming over 1 
and up to 15 MW.
Key feature 2: Project Design Document: Additionality and barrier test
A differentiation is needed between household and production baseline factors to 
calculate emission reductions. For example, kerosene and mini-grid diesel 
generators can be considered as main baselines.
The development and use of standard carbon emission factors per country should 
be promoted. These carbon factors can be used with the existing standardised
baseline procedures for small energy projects. Country factors also allow bundled 
projects in other countries to be proposed as one CDM project.
For the issue of investment additionality, renewable such as small hydro, solar, 
wind and sustainable biomass should be considered additional per se. Those 
projects need to be allowed to pass the barriers test ( financially, technically, 
prevailing practice and other barriers) automatically. Based on the findings of this 
research, small renewable projects face significant implementation barriers without 
the additional CDM complexity. The successful management process and long-term 
sustainability of the energy project should be enough to prove post-project 
additionality. The designated national authority needs to evaluate this additionality 
as part of the CDM project sustainable development criteria.
Key feature 3: Validation and registration
The CDM Executive Board needs to prioritise promoting and encouraging 
organisations from developing countries to participate as designated operational 
entities13. Transaction costs could be reduced for small CDM projects if national 
institutions are operational entities because it would then be possible for verification 
and certification to be carried out by the same entity.
Registration fees for very small energy projects should be simplified and subject to 
the amount of CERs achieved because some types of small energy projects would 
not reduce even as much as 15 tC02/year defined under the UNFCCC.
Key feature 4: Implementation and monitoring
The electricity authority of the host country should be encouraged to certify the
implementation of the energy projects based on technical standards. The 
developers or management could monitor the projects assuming adequate 
operational training to do so. Monitoring should be carried out daily with monthly 
reports and for bundled projects, random evaluation, for example on a minimum 
10% of total projects per country could be established.
Key feature 5: Project bundling
13 Until August 2004 one Latin American institution from Colombia was applying as
Designated Operational Entity (UNFCCC 2004h).
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Multiple small activities can be bundled as a single CDM project as long as the 
overall project size does not exceed the threshold eligibility size for very small and 
small projects (1 and 15 MW respectively). These projects should be proposed as 
CDM by a bundling organization, they can be located in different host countries and 
a mix of different projects can be bundled. The Designated National Authorities of 
each host country would have to approve the group of projects to be implemented 
in its country prior to validation or registration.
This proposal is justified by the following points:
Environmental integrity of the Kyoto Protocol
This proposal claims that simplified rules to allow small CDM projects are still 
needed and that the suggested changes would not result in the issue of a quantity 
of credits large enough to significantly dilute the emission targets of industrialized 
countries. It highlights further baseline standardisation and calls for equal 
geographical distribution of designated operational entities to reduce transaction 
costs and acknowledge the importance of their role as independence certifiers.
Benefits of small energy projects
While the crediting impact on developed country targets may be trivial, the emission 
reduction benefits for climate protection and sustainable development contributions 
could be large. Firstly, adopting clear, flexible, simple and streamlined rules to earn 
CDM credits will increase the financial viability of small energy projects. Such 
projects are likely to deliver significant local and national development benefits in 
countries hosting CDM projects; for example, rural electrification, fuel costs 
reduction, better access to education. Secondly, new incentives such as those in 
this proposal could support the market development of clean technologies.
10. Future work
There are many aspects for future work on the CDM and project development to 
build on the findings in this thesis. The following is a list of the main areas to be 
explored:
Sustainability assessment in other host countries
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Limited amount of work has been carried out on assessing the sustainability 
delivery of CDM projects to date. The CDM market is growing at such a fast rate 
that seems that the sustainability aim is not being considered as much as the 
emission reductions' aim. This thesis proposes a clear approach -in Chapter IV- to 
assess the sustainability component of small-scale energy projects, specifically 
Type I Renewable technology. This approach can be applied to carry out studies 
from other host countries and technologies. The indicators proposed in this 
approach can be adapted to the context of the particular study.
GHG assessment in other project types and host countries
Since 2003 to present (2007) the working group of small-scale CDM projects has 
been very active in proposing and adapting the standarised procedures for small- 
scale activities. Simple methods and equations to estimate baseline emissions are 
available. This thesis has taken a step forward and used the available equations 
with real project data to propose standardised baselines for activities that use 
energy within the rural context -in Chapter V-. The same can be done for other 
types of projects and sectors such as energy efficiency and transportation and in 
other country contexts. This will allow the development of standardised baselines 
per project activity and per country. Hence standardised Project Design Documents 
can also be used and these will reduce transaction costs for small-scale activities 
and make the CDM process more straightforward.
Financial assessment using life-cycle costs
This thesis developed a financial assessment of solar and micro-hydro technologies 
using life-cycle cost methodology -in Chapter VII-. This methodology accounts for 
the project costs during its lifetime. The thesis explains in detail the process 
followed. This process can be replicated for other technologies in Peru or other host 
countries. The advantage of using this methodology is that is logical, simple and 
does not need expertise. The use of a spread-sheet is enough. The approach can 
be used by project developers and project managers as it enables to analyse the 
financial performance of energy projects.
Carbon finance analysis for bundling and programmatic CDM
More experience is needed to apply the rules for bundling different types of projects 
in different countries. The same applies for the concept of programmatic CDM,
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which allows CDM activities that are part of a host country policy. These activities 
can be applied within different countries but with only one technology. This thesis 
uses an approach to analyse the carbon finance of micro-hydro and solar projects - 
in Chapter VII-. This approach can be used to carry out different scenarios for 
bundling and programmatic CDM. Currently there are about 250 projects registered 
as small-scale CDM activities at the Executive Board, real data from these projects 
can be obtained to assess if bundling and/or programmatic CDM can be financially 
feasible.
Bundling and programmatic CDM are alternatives to promote small-scale CDM 
activities. Hence, they should be explored and driven by host countries' institutions 
as they provide opportunities for non financially attractive projects -such as off-grid 
renewable technologies- which at the same time provide high sustainability benefits 
for communities.
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0. Introduction
The Clean Development Mechanism (CDM) is one of the Kyoto Protocol 
mechanisms that can be applied to reduce greenhouse gas (GHG)1 emissions. It 
allows project developers from developed countries to earn Certified Emissions 
Reduction (CER) credits for investing in projects, in developing countries, that 
reduce emissions. Under the CDM, developing countries will also receive support to 
achieve sustainable development. The environmental integrity and commercial 
attractiveness of CDM projects depend on making the process to obtain the 
emission reductions straightforward, equitable and cost-effective. There are 
concerns that the project approval process can involve: a) high administration 
costs, b) complexity of emissions calculation and c) lack of an approach to assess 
sustainable development of CDM proposals. The administration costs can 
represent a crucial barrier to some otherwise valid projects, especially smaller 
projects. The initial stage of a CDM project can absorb most of the administration 
costs, specially the development of the CDM project proposal. In order to support 
small projects, the Executive Board for the CDM includes a provision to ‘fast-track’ 
small-scale CDM projects, through simplified approval criteria, including methods to 
calculate emission reductions.
This research builds up knowledge to assess small energy CDM projects set up 
under the Kyoto Protocol to the United Nations Framework Convention on Climate 
Change or UNFCCC, specifically on micro-hydro and solar technologies in rural 
Cajamarca in Peru. Renewable sources have huge potential to provide the energy 
needed for human development and to reduce pollution GHG emissions. They also 
have great potential to cope with the energy oil demand of the future; furthermore, 
small renewables are alternatives that can provide light for the 1.6 billion people in 
the world without access to electricity. There is a direct relationship between the 
absence of adequate energy services and many poverty indicators such as infant 
mortality, illiteracy, life expectancy and total fertility rate (IEA 2004). Inadequate
1 GHGs are partly responsible of the greenhouse effect, which is the warming of earth’s surface. The 
greenhouse effect occurs when molecules of GHGs, such as water vapour, carbon dioxide (CO2), 
ozone (O3) and methane (CH4), transmit and absorb energy instead of being retransmitted out to 
space (Houghton 1997).
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access to energy also exacerbates rapid urbanisation in developing countries, by 
driving people to seek better conditions of living and leaving rural areas.
This EngD project supports the development of small renewable systems in rural 
Peru at project level and at CDM level. This chapter introduces the scene to climate 
change theme and its international policies (Sections 1 and 2), focusing on the 
CDM concept, process and difficulties (Sections 3 and 4). Then, it examines the 
main concerns for small CDM proposals (Section 5) and finally it presents the EngD 
research objectives and explains how the thesis is structured (Section 6).
1. Climate change
Climate change was defined by the UNFCCC (Article 1.2.) as ‘a change of climate 
that is attribute directly or indirectly to human activity that alters the composition of 
the global atmosphere and which is in addition to natural climate variability 
observed over comparable time periods’ (UNFCCC 1992). Indeed, Harvey (2000) 
states that a change in climate happens when there is a variation in the averages 
weather from one 30-year period to the next. Year-to-year or even decade-to- 
decade oscillations do not constitute a change in climate, but rather are part of the 
variability of weather that serves to define the climate of a given region. In normal 
scientific usage, climate change refers not only to change due to human activity but 
also due to natural variability or processes. The earth’s climate is affected by 
factors that cause a change in the redistribution of energy within the atmosphere or 
between the atmosphere, land, and ocean (Jepma et al. 1998). The following 
sections discuss the human causes and main effects of climate change. For more 
details about the science of climate refer to the Solis (2001) in Volume II.
1.1. Human causes of climate change
Alterations of climate on a global and continental scale are caused as a result of 
three main aspects: direct emissions of GHGs, other gases that alter atmospheric 
concentrations of GHGs after chemical reactions and by resulting changes in water 
concentrations. Concentrations of natural GHGs (excluding water vapour) are 
directly influenced by emissions associated with the combustion of fossil fuels, by 
some agricultural activities, and by the production and use of various chemicals 
(Harvey 2000).
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On a continental scale, there are four principal human causes of climate change: 
increasing concentrations of GHGs, changes in the concentration of 0 3, increasing 
concentrations of aerosols and changes in the land cover. These are summarised 
in the following Table 1:
Table 1 Human causes of climate change
HUMAN CAUSES DESCRIPTION AND REASONS
Increasing concentrations of GHGs
The GHGs originate mainly from the combustion of 
fossil fuels.
Life-span and the ability of a gas to trap heat on a 
molecule-by-molecule affect climate
Changes in the concentration of 03
Chemical reactions involving reduction (stratosphere) 
and production (troposphere) of Os concentration 
depend on where they occur.
The overall radiative forcing calculation requires a 
detailed spatial model of 03 distribution.
Increasing concentration of 
anthropogenic aerosols
Tropospheric aerosols have short life-span (days); 
therefore, the strength of the emission sources varies 
form one region to another
Changes in the land cover
Changes in land cover (desertification, deforestation and 
salinization) caused a global mean cooling tendency of 
0.2 °C during the preceding 25 years, and up to 1 °C 
cooling during the preceding several thousand years.
As an example; conversion of forest to cropland caused 
a summer cooling of up to 2 °C over a wide region of the 
central of the US (Bonan, 1997)
Source: Modified from Harvey (2000)
The Intergovernmental Panel on Climate Change (IPCC)2 states that 'there is new 
and stronger evidence that most of the warming observed over the last 50 years is 
attributable to human activities' (IPCC 2001a, p10). Indeed, the atmospheric 
concentrations of key GHGs reached their highest levels in the 1990s. For example; 
C02 and CH4 concentrations increased more than 30% and 150% respectively. 
Besides that, the scientific evidence also determines that the global mean surface 
temperature increased by 0.6°C over the 20th century (IPCC 2001b, p5).
1.2. Effects of climate change
The impact of climate change in different parts of the world varies. For instance, 
different ecosystems respond in different ways to changes in temperature or
2 The IPCC is a body of over 3000 leading scientists working in climate change research.
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precipitation. Houghton (1997) explains that this is because variability and 
sensitivity (which refers to the degree to which a system responds to climate 
change) to climate are diverse for different systems. Over centuries, human 
communities have adapted their lives and activities to the present climate. If the 
changes of climate occur rapidly, the adaptation of the affected communities could 
become difficult. There are three principal effects of climate change; sea level rise, 
effect on water resources and the risk to human health.
2. The Kyoto Protocol
International climate change agreements started with the UNFCCC at the ‘Earth 
Summit’ held in Rio de Janeiro in 1992 (UNFCCC 1992). The objective of the 
agreement is to achieve stabilisation of GHG3 concentrations in the atmosphere to 
prevent dangerous anthropogenic interference with the climate system (UNEP
1999). In 1997 the Kyoto Protocol to the UNFCCC ratified the international 
response to climate change. This was signed at the third Conference of the Parties 
or COP-34. It contains legally binding emission targets for Annex I -or developed- 
countries to limit and reduce their GHG emissions by an average of at least 5% 
below 1990 levels in the commitment period 2008-2012 (Grubb et al. 1999). Annex 
I lists all the countries part of the Organisation of Economic Co-operation and 
Development (OECD), plus countries with economies in transition, Central and 
Eastern Europe (excluding former Yugoslavia and Albania). The rest of the 
countries are referred to as Non-Annex I. This classification is based on the 
countries per-capita emissions in 1990; countries with emissions higher than 2 tC 
per capita are considered as Annex I countries (Grubb 2003).
One of the principal factors for the acceptance of the Protocol was the incorporation 
of the three ‘flexible mechanisms’: Joint Implementation, the CDM and Emissions 
Trading. These would allow developed nations to meet their commitments by 
applying economically efficient actions abroad (Begg et al. 2001a, p17). Besides
3 Under the Kyoto Protocol six are GHGs; CO2, nitrous oxide (N2O), methane (CH4), 
hydrofluorocarbons (MFCs), perfluorocarbons (PFCs) and sulphurhexafluoride (SFe) (UNFCCC 1997).
4 The COP meets annually. The meetings are attended by the countries supporting the UNFCCC and 
by multilateral institutions, industry, non-governmental organisations (NGOs), academics, and others. 
The role of the COP is to promote and review the effectiveness of national climate change 
programmes and the implementation of the new scientific findings (UNEP 1999).
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that, domestic actions could also be applied in Annex I countries. At present 
(February 2005), 129 nations have ratified the protocol, representing more than 
60% of the total C02 reduction quotas of Annex I countries (UNFCCC 2005a). The 
ratification of the Russian government (on the 16th November 2004) has brought 
the Protocol a strong dimension. The rules for entry into force of the Kyoto Protocol 
require 55 Parties to the Convention to ratify the Protocol, including Annex I Parties 
accounting for 55% of that group’s C02 emissions in 19905 (UNFCCC 1997). The 
Kyoto Protocol entered into force on the 16th February 2005, after three months of 
the ratification of Russia which was the Party needed to reach the emissions’ quota 
require for Annex I countries.
2.1. Emissions trading and Joint Implementation
The idea of the Kyoto mechanisms started on the Emissions Trading concept, 
which was first proposed as a general mechanism for pollution policy by Tietenberg 
in 1985 and introduced specifically in the context of GHG emission reductions by 
Grubb in 1989 (Begg et al. 2001a, p18). Although considerable effort was made to 
incorporate the concept of Emissions Trading into the FCCC, this was not accepted 
initially because of radical division of views. Proponents argued that Emissions 
Trading would allow for improved cost-effectiveness and flexibility in reducing GHG 
emissions. On the other hand, opponents counter-argued that such arrangements 
would reduce the incentive for donor or developed countries to take domestic 
actions. Thereby, it would also compromise the sovereignty of host nations, their 
ability to harness indigenous resources and develop their own markets, increase 
the transaction costs of achieving emission reductions, and ultimately undermine 
the objective of the Convention. Finally, the FCCC decided to introduce the 
terminology of Joint Implementation in 1992, as ‘enabling language’ to allow for the 
future development of trading-type mechanisms (Begg et al. 2001a, p18). In the 
context of the FCCC, Joint Implementation6 is generally taken to mean bilateral or 
multilateral investments in emission reduction or sequestration projects applied 
between the nations that signed the Convention. Typically, a donor or Annex I 
country provides investment funds towards implementing an emission reduction or 
sequestration project in a host country in exchange for emission credits to be held
6 This is stated in Article 25 of the Kyoto Protocol (UNFCCC 1997).
6 Joint Implementation is defined in Article 4.2.a as ‘...developed country Parties and other Parties 
included in Annex I may implement...Policies and measures jointly with other Parties and may assist 
other Parties in contributing to the objective of the FCCC...' (UNFCCC 1992).
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against its own reduction targets. Joint Implementation should allow for greater 
cost-efficiency in meeting global targets, since abatement action can be taken first 
where it is least costly to do so.
2.2. Activities Implemented Jointly
During the negotiations, the change of Emissions Trading term for Joint 
Implementation had not eliminated the underlying conflict of views. In 1995, at 
COP-1, a pilot phase for Joint Implementation under the name of Activities 
Implemented Jointly was to test the concept of Joint Implementation (Begg et al. 
2001b, p3). This pilot programme permitted developed countries to invest in climate 
change projects in co-operation with economies in transition -Central and Eastern 
Europe- or developing countries -Asia, Africa and Latin America. Activities 
Implemented Jointly was not to be credited against any future GHG emission 
reduction targets. The period of these programme was between 1995-2000. 
Belgium, France, Germany, Italy, the Netherlands, Norway, Sweden, Switzerland, 
the USA, Australia and Japan participated in Activities Implemented Jointly 
programme7 (Solis et al. 2002).
2.3. From a fund to a Clean Development Mechanism
There was no guarantee under the concept of Emissions Trading, Joint
Implementation and Activities Implemented Jointly that developing countries could 
be included. Consequently, during COP-3 in 1997 Brazil proposed creating a Clean 
Development Fund8 to assist countries in the South for mitigation and adaptation 
measures. From this the concept of the CDM evolved within the Kyoto Protocol. 
Annex I parties were initially opposed to a fund and strongly advocated Joint 
Implementation with credits in developing countries. Then, Costa Rica persuaded 
Brazil to change its fund to a CDM that would include Emissions Trading and still 
finance adaptation through market-based measures with the purpose to help 
meeting the reduction commitments (Figueres 2002). Hence, the idea of penalizing 
governments was changed into a mechanism for investment by companies, which
7 More than 170 Activities Implemented Jointly projects were implemented and are geographically 
concentrated in Latin America, Central and Eastern Europe. Most of Activities Implemented Jointly 
projects are in the renewable and energy efficiency sectors (Solis et al. 2002).
8 The Clean Development Fund suggested a contribution of US$ 20 per tone of CO2 of non-achieve 
quotas to non-Annex countries - 90% to climate change and 10% to adaptability projects- (Forthsyth 
2000). This was a theoretical proposal, based on penalty for non-compliance, involving mandatory 
contributions (Filho 1998).
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was better accepted by Annex I and non-Annex I countries. The multilateral 
character of the framework was kept and the CDM became part of the Kyoto 
mechanisms (Grubb etal. 1999). Finally, the CDM proposal was adopted as part of 
the package known as the Kyoto Protocol during COP-3 in Kyoto.
After that, the COP supplemented the objective of generating cost-effective 
emission reductions for Annex I countries with the requirement that the CDM shall 
assist Parties not included in Annex I in achieving sustainable development. 
There are three main features distinguishing the CDM from earlier proposals of 
Joint Implementation (Grubb et al. 1999): a) The sustainable development 
contribution to host countries, b) The strength of multilateral control over the 
process, which is supervised by an Executive Board and is subject to the authority 
and guidance of the parties collectively, c) The proceeds from fees associated with 
certified project activities are to be invested in additional matters. This income will 
be used to cover administrative costs as well as to assist the most vulnerable non- 
Annex I countries in adapting to climate change. The concept of the CDM states 
that Annex I countries can use CERs9 from activities in developing countries to 
achieve their emission reduction targets during 2008 to 2012 (UNFCCC 1997).
Although a new market mechanism concept was introduced, the exact rules of the 
CDM still had to be defined during the years ahead. During COP-4, in Buenos Aires 
in 1998, a two-year “Plan of Action” was developed aiming to finalise the details of 
the Protocol by the year 2000. However, during COP-6 in The Hague (November
2000), the parties failed to reach consensus. Then, a second session of COP-6bis 
was planned for June 2001 in Bonn. Preceding COP-ôbis, the USA administration 
decided to withdraw from the Protocol (USD 2001), alleging that it would damage its
economy and that developing countries'll should not be exempted from
commitments. The withdrawal of the largest emitter'!'I enormously altered the
9 A CER is a unit of GHG emission reductions that is generated and certified under the CDM, it equals
I tonne of CO2 equivalent.
19 Following the USA withdrawal from the Kyoto Protocol, a GHG intensity measure was made in 
February 2002 aiming to reduce GHGs subject to the country’s economic performance. The GHG 
measure represents a ratio between kCOae and US$GDP. For more details on this measure from an 
economic perspective refer to Kolstad (2005) who analyses its advantages in relation to the Protocol.
I I In fact, in 1990 the USA emitted 36% of the total world emissions (UNFCCC 1997). In 1994 in the 
USA the GHG rate per capita was 19 tCOa while the same year in Brazil was 1 tCOz (BCSDLA 1998).
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negotiations. In the case of the CDM, both demand and price expectations for 
CERs were reduced because of two main reasons: a) The USA was viewed as the 
major buyer of CER credits, b) The CER demand depended on the uncertainty of 
participation of Russia and Japan. During COP-6bis the Bonn Agreement was 
adopted, which demonstrates consensus of the parties on the key issues of the 
Buenos Aires Plan of Action. It also defines small-scale projects under the CDM. 
Refer to Section 3.2 for an introduction to these types of projects and Section 5 for 
a discussion of their main problems.
Besides the uncertainty of key participating countries, the Marrakech Accords 
adopted during COP-7 (2001) defined the rules and procedures for the CDM. It 
provides the details of the Bonn Agreement activities. Concerning the CDM, five 
main decisions were established: the institutional framework of the CDM, the 
simplified project cycle for small-scale CDM activities (this is discussed further in 
Section 3.2), the eligibility of forestry projects, the crediting and registration periods 
for CDM projects and sources of funding for developing countries.
Regarding the CDM institution, the COP is the supreme body of the CDM and is 
responsible to organise the annual meeting of the parties of the Protocol. It should 
also provide guidance to the CDM Executive Board, which has the main tasks to 
develop and agree on the CDM rules and procedures (UNFCCC 2001a). During 
COP-7, ten members of the CDM Executive Board were elected. In respect to 
forestry activities, only afforestation12 and reforestation projects13 can be 
considered as CDM. Any project starting after the 1st January 2000 can be eligible 
for registration as a CDM activity if it is submitted for registration before the 31st
December 200614 (UNFCCC 2005b). The Marrakech Accords also states that 2% 
of the share of the CERs generated by a CDM project should be transferred into an 
adaptation fund which would help in vulnerable developing countries.
12 Afforestation is the change of land that has not been forested for a period of at least 50 years and it 
is forested through planting or seeding. This change is caused by human activities.
13 Reforestation is the change of non-forested to forested land by planting/seeding on land that was 
forested but that has been converted to non-forested land. This can be caused by human activities.
14 These dates were changed during the first Meeting of the Parties (MOP-1) in Canada, in December 
2005. It was decided that projects starting between 1st January 2000 and 18th November 2004 and 
have submitted a new methodology or is in the process of validation by 31st December 2005 can 
registry to the CDM by 31st December 2006 (UNFCCC 2005a).
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Following Marrakech, the Executive Board started its work in early 2002. Since then 
its members have been meeting regularly to structure the process details of the 
CDM. In COP-8 (in 2002) the details of the CDM institutional framework were 
finalised and presented in the New Delhi Declaration (UNFCCC 2002a). The 
detailed rules for forestry projects have been defined at COP-9 in Milan in 2003 
(ENB 2003). During COP-10 decisions on the development of modalities and 
procedures for small and large CDM afforestation and reforestation activities were 
taken (UNFCCC 2005b). To date, the Executive Board has elaborated the Project 
Design Document of the CDM, the simplified methods and procedures for small- 
scale CDM activities, a process to approve baseline methodologies and tools to 
demonstrate additionality. Table 2 presents a summary of the evolution of the CDM 
until 2004.
Table 2 The evolution of the CDM
Year Event Milestone
1997 COP-3, Japan The CDM evolved from a Clean Development Fund proposal. It 
was adopted and introduced as part of the Kyoto Protocol.
1998 COP-4, Argentina The Buenos Aires Plan of Action was developed, aiming to 
finalise the CDM rules by 2000.
2000 COP-6, the Netherlands A failure on achieving a common agreement between parties on 
the decision of the Buenos Aires Plan of Action.
2001 COP-Bbis, Germany The Bonn Agreement was adopted showing consensus on key 
issues of the Buenos Aires Plan of Action. The USA withdrew the 
Protocol. Small-scale CDM project categories were defined.
2001 COP-7, Morocco The Marrakech Accordss provided the rules and procedures for 
implementing the CDM. The CDM Executive Board was selected to 
work on the CDM issues. Afforestation and reforestation projects 
were accepted. A simplified project cycle was introduced for small- 
scale CDM activities.
2002 COP-8, India The New Delhi Declaration finalised the CDM institutional 
framework.
2003 COP-9, Italy Details of CDM forestry projects were agreed.
2004 COP-10, Argentina Development of modalities and procedures for small and large 
CDM afforestation and reforestation activities
3. The CDM in practice
The basic principle of the CDM is to offer an opportunity to industrialised countries 
with emission reductions targets to initiate projects with low abatement costs in 
developing countries without targets. The emission reduction credits generated can 
be used to offset donor country quantified emission limitation and reduction 
commitments (QUERLCs). Developing countries will benefit from the investment 
flows and from the requirement that these projects would support local sustainable
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development (Grubb et al. 1999). The concept sounds reasonable, intending to 
work for both parties; however, its implementation is a different issue. To date much 
effort has been invested in trying to apply the CDM to operate whilst maintaining its 
environmental integrity. This effort has been beneficial as the carbon market is 
rapidly growing and with it the number of potential CDM projects.
As it is noted, the CDM is supervised by the Executive Board, which is composed of 
ten members. They include one representative from each of the five official UN 
regions (Africa, Asia, Latin America and the Caribbean, Central Eastern Europe, 
and OECD), one from the small island developing states, and two each from Annex 
I and non-Annex I Parties. The Board accredits independent organizations (known 
as Designated Operational Entities or DOE) that will validate proposed CDM 
projects, verify the resulting emission reductions and certify the CERs. Another 
important task of the Board is to maintain a CDM registry, which will issue new 
CERs, manage a CERs account levied for adaptation projects and administration 
expenses (UNFCCC 2001b).
To participate in CDM activities, Annex I and non-Annex I countries must meet 
three basic requirements: a) voluntary participation, b) establishment of the 
National CDM Authority, which is known as Designated National Authority or DNA 
and c) ratification of the Kyoto Protocol. Annex I countries must also meet four 
additional requirements: a) commitment to reduce the assigned amount of 
emissions 15, b) operation of a national system to estimate GHG emissions, c) 
operation of a national registry, d) operation of an annual inventory and e) operation 
of a system for the transactions of emission reductions (UNFCCC 2001b)16. As it 
can be seen these requirements demand to build up a vast level of human and 
institutional capacities that for some countries, in particular the African region, 
represent barriers for the mechanism’s implementation. For example, in Africa there 
are only 10 DNAs while in Latin America and Carabean countries, 21 (UNFCCC
16 Article 3.1 of the Protocol refers to the commitments during 2008-2012 base on 1990 emission 
levels of Annex I countries. E.g., the UK quota is 8% of reductions equivalent to 580 MtCOa (UNFCCC 
1997). Besides, Article 3.2 states that by 2005 Annex I countries should show progress in achieving 
their emission quotas.
16 Summarised from the modalities and procedures for a CDM stated in the Marrakech Accordss, 
Annex decision 17/CP.7.
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2005c); representing 20% and 70% of the total number of countries in each region 
respectively.
3.1. The CDM project cycle
The CDM project cycle is the process that all CDM projects need to follow to be 
issued with carbon credits (CERs), this is because the GHG emission reductions 
have to be calculated, measured and audited. There are five main steps of the 
CDM project cycle (UNFCCC 2004a): project design, validation and registration, 
implementation and monitoring, verification and certification and issuance of CERs; 
see next figure.
Figure 1 The CDM project cycle
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3.1.1. Project design
This stage includes the project identification and formulation. It is when developers 
discuss project ideas, pre-feasibility and feasibility studies by considering the basic 
criteria for a CDM activity such as participants, GHGs eligibility, project type and 
CDM project eligibility. Project participants can be either the Party involved or, a 
private or public organisation authorised by a Party to participate in CDM activities. 
As explained before, the host and donor countries participating must have ratified 
the Kyoto Protocol and established a DNA. As mentioned above, the Protocol 
recognizes emission reduction CDM projects aiming to lower six GHGs; CH2, CH4, 
N20, HFCs, PFCs and SF6. This reduction can be achieved by cutting or avoiding 
GHG emissions or by sequestering C0217. Under the Marrackech Accordss 
sequestration projects are excluded for the first target period and nuclear energy 
generation projects are also not considered as CDM (UNFCCC 2001b). Table 3 
provides a range of possible CDM project categories, project types and examples. 
As can be seen, there are 15 different sectors and a vast number of project types 
that can be proposed as CDM activities.
Table 3 Possible CDM project proposals
Scope Sector Project type Example
1 Energy industries (renewable / non- renewable sources)
Grid-connected renewable 
electricity generation
Solar, wind, hydro and biomass 
power generation
2 Energy distribution Grid management Improved insulation of district heating conducts
3 Energy demand
Energy efficiency Use of efficient motors 
Replacing steam traps and 
returning condensates
4 Manufacturing industries Fuel switching Boiler fuel switchNatural gas-based cogeneration
5 Chemical industries
Pulp and paper 
manufacturing 
Cement industry
Improve chemical process to 
reduce GHG emissions 
Decreasing the clinker factor
6 Construction
7 Transport
Fuel switching 
Energy efficiency
Haulage efficiency
Substitution of diesel with LNG in 
municipal buses
Replacement of old freight 
vehicles by modern, low fuel 
consumption trucks 
Cutting transports distances in a 
transport company
8 Mining/mineral production Coal industry CH4 emission capture and destruction in coal mine
9 Metal production Iron and steel Substituting materials for reducing iron use, substituting
17 There are two main types of CO2 sequestration projects: biological and geological sequestration.
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coke with biomass
10 Fugitive emissions from fuels (solid, oil and gas)
Oil industry
CHU and oil transmission 
and distribution
Associated gas capture and
combustion
Sealing gas leakages
11 Fugitive emissions from production and consumption of MFC and SFe
HFC23 thermal oxidation GHG reductions applying thermal 
oxidation of HFC23
12 Solvent use
13 Waste handling and disposal Landfill gas capture Collection of landfill gas and combustion in a CHP-plant
14 Afforestation and reforestation Tree planting programme Pine tree planting
15 Agriculture Animal waste management GHG reductions from manure management systems
Source: Adapted from UNFCCC (2004b)
The potential CDM activity needs to justify three principal criteria: a) Environmental 
additionality b) Project additionality and c) Sustainable development delivery.
a) Environmental additionality
The emission reductions and the CDM project activity have to be additional 
compared with a business as usual situation (which does not include the CDM 
activity) (UNFCCC 2001b)18. This criterion is known as environmental additionality 
and it is further discussed in Section 4.1. and 4.2.1. The additionality of emission 
reductions of a CDM activity can be justified by establishing a baseline scenario. 
This would represent the GHG emissions that would occur in the absence of the 
project and would compare it with actual project emissions. Streamline methods are 
suggested for small-scale CDM proposals (UNFCCC 2004c) and for large CDM 
renewable projects (UNFCCC 2004d). The first is discussed in Section 5.1.
b) CDM project additionality
At the same time, a CDM project is additional if it demonstrates that it would not 
have happened in absence of the CDM. In September 2004 the Methodological 
Panel of the CDM proposed a set of tools to demonstrate additionality (UNFCCC 
2004e)19. This proposal would be applied to large CDM projects. For small-scale 
CDM projects, the Executive Board requires the use of barrier analysis to justify 
additionality, which is discussed in Section 5.1.
18 See the Marrakech Accordss Decision 17/CP7, Annex, paragraph 43.
19 Document; Annex 3, Draft of consolidated tools for demonstration of additionality.
15
Chapter I Introduction
c) Sustainable development delivery 
The sustainable development criterion of the Protocol specifies that the purpose of 
the CDM is to assist developing countries in achieving sustainable development 
(UNFCCC 1997)20. However, there is no common guideline for the sustainable 
development criterion and it is up to the developing host countries to determine 
their own criteria and assessment process. The term is not even defined in either 
the Protocol or the Marrakech Accords. This issue is discussed in Section 4.3.
Once the possible CDM project has been identified and an investment decision has 
been made, developers need to formulate a CDM project proposal in the form of a 
Project Design Document or PDD to the Executive Board. The PDD includes a 
description of the project, a presentation of the baseline, a justification of how the 
project reduces emissions, a crediting period, a monitoring plan of emissions, an 
environmental impact assessment and a stakeholders’21 consultation. The outline 
of this proposal is shown in Box 1. The PDD is the key element for starting the 
acceptance of a CDM project. The problem with it is that it is time consuming, 
specifically the baseline and monitoring methodologies; they require expertise for 
development. Generally consultants are required to carry out the PDD for the 
developers. However, the cost of this proposal could represent a high percentage 
for small CDM projects. As a result of the complexity and high costs of the baseline 
and monitoring methods development, standardised baselines have been created 
for small-scale CDM activities (refer to Section 5). Sections 4.1 and 4.3 discuss the 
difficulties of the PDD and transaction costs.
A. General description of the project activity
A project activity is described as a measure, operation or an action carried out to 
reduce GHGs (UNFCCC 2004f). The term ‘project activity’ is used under the Kyoto 
Protocol and the CDM to refer to a project that has been undertaken or is 
implemented under the CDM process. This section of the PDD requires basic 
project data, see Box 1. There are four main sections that require special attention:
a) the contribution to sustainable development, b) the technical description of the
20 Article 12.2 of the Kyoto Protocol (UNFCCC 1997).
21 Stakeholders mean the public, including individuals, groups or communities affected, or likely to be 
affected, by the proposed CDM project activity or actions leading to the implementation of such an 
activity (UNFCCC 2004, Guidelines version 1).
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project including the process by which technology will be transferred, the emission 
reductions of the project and the rational on the project’s public funding -which is 
referred as financial addtionality, see Section 4.1.
Box 1 Outline of a Project Design Document
A. General description of project activity (including additionality)
A.1. Project title
A.2. Description of the project activity 
A.3. Project participants
A.4. Technical description of the project
B. Baseline methodology 
B.1. Baseline methodology title
B.2. Description of how the methodology is applied
B.3. Description of how the GHG emissions would have been reduced in absence of the project 
B.4. Description of the relationship of the define project boundary, baseline methodology and 
CDM project
B.5. Data of the baseline study
C. Duration of the project activity
D. Monitoring methodology and plan
E. GHG emissions by sources
F. Environmental impacts
G. Stakeholders comments
Annex 1 : Contact information on participants 
Annex 2: Information regarding public funding 
Annex 3: Baseline information 
Annex 4: Monitoring plan
B. Baseline methodology
The baseline for a CDM project is the scenario that reasonably represents the GHG 
emissions that would occur in the absence of the propose CDM project (UNFCCC 
2004f). The baseline methodology is an application of an appropriate approach to 
calculate baseline emissions which considers sectoral and regional aspects. The 
CDM Executive Board accepts applications of new baseline methodologies or that 
consider previously accepted baseline methodologies. The description of the 
baseline methodology, specifically the proof of additionality, is critical to the 
approval of a CDM-PDD.
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C. Duration of the project activity and crediting period
The crediting period for a CDM project is the time for which reductions from the 
baseline are verified and certified by a DOE for the purpose of achieving CERs 
(UNFCCC 2004f). The starting date of a CDM project is the date at which the 
implementation, the construction or the activities of a project begins. Projects 
starting between 1st January 2000 and 18th November 2004 are eligible for CDM 
registration if they have either submitted a new methodology to the Executive Board 
or have requested validation from a DOE by 31st December 2005 (UNFCCC 
2005b). The registration of these CDM proposals must be carried out before 31st 
December 2006. At registration, background information should be provided to 
justify that the starting date fell within this period. There is a choice of two crediting 
periods; renewable and fixed. The first should not exceed 7 years and may be 
renewed up to two times. For each renewal, a DOE informs the Executive Board 
that the original project baseline is still valid or it has been updated. The fixed 
crediting period is up to 10 years (UNFCCC 2004f).
D. Monitoring methodology and plan
In this section, the project developer should provide detailed information on how 
data is collected and archived, these data are relevant for the calculation of project 
emissions, emissions outside the project boundary (leakage), for determining the 
baseline, environmental impact of the project, quality assurance and control 
procedures for the monitoring process (UNFCCC 2004f). For that, a monitoring plan 
needs to be created and approved by the Executive Board.
E. GHG emissions by sources
This section follows the selected baseline and monitoring methods to estimate a) 
GHG CDM project emissions by sources, b) leakage, c) GHG baseline emissions 
by sources; hence, d) GHG emission reductions of the CDM project (UNFCCC 
2004f).
F. Environmental impacts
This section should contain a detailed documentation on the analysis of the 
possible environmental impacts of the CDM proposal. If the impacts are considered 
significant, the Executive Board asks from the project developer an Environmental 
Impact Assessment based on the host country requirements (UNFCCC 2004f).
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G. Stakeholder comments
A full description of how comments by local stakeholders have been invited and 
compiled, a summary of the comments received and a report on how the 
developers would deal with the comments (UNFCCC 2004f).
The Marrackesh Accordss also asks that before validation and registration, the host 
and donor countries’ DNAs need to provide an official approval stating that they are 
participating voluntarily and that the CDM project will assist promoting sustainable 
development (UNFCCC 2001b).
3.1.2. Validation and registration
Validation is the process of independent evaluation of the possible CDM project. A 
DOE, accredited by the Executive Board, carries out this task, by submitting the 
PDD to the CDM Executive Board for registration on behalf of the project 
developers. The PDD is part of a validating report, which also contains the results 
of the stakeholder consultation22. A project is validated after the evaluation of the 
PDD, the approval letter from the DNA and the sustainable development statement 
from the host country (UNFCCC 2001b).
Registration is the acceptance of the validated CDM project by the Executive 
Board. It should be obtained within eight weeks of request, if no comment for review 
is received. A project not accepted for registration may be re-submitted after 
renewed validation (UNFCCC 2001b). A registration fee is charged to cover 
administrative costs. It ranges between US$ 5k to US$ 30k for projects reducing 
less than 15 ktC02e/yeear and more than 200 ktC02e/year respectively (UNFCCC 
2003a, p 10).
3.1.3. Implementation and monitoring
The implementation is the execution of the CDM project and monitoring is the 
collection and archiving of all relevant data necessary for estimating GHG emission 
reductions within the project boundary. In order to execute this task a monitoring 
plan, explained in the PDD, should be applied. A DOE also validates the monitoring
22 The DOE issues the PDD for 30-day public comments, which need to be publicly accessible 
(UNFCCC 2001b).
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plan of the COM proposal during its validation. A monitoring report is also submitted 
to a second DOE for verification and certification23 (UNFCCC 2001b).
3.1.4. Verification and certification
Verification is the periodic independent review and determination by the DOE of the 
monitored GHG emission reductions of the CDM project. The relevant documents 
should be submitted in the form of a verification report. Certification is the written 
assurance by the DOE that the CDM project achieved GHG emission reductions as 
stated in the verification report (UNFCCC 2001b). The DOE for the validation of 
CDM projects should be different than for verification and certification. Special rules 
apply to small-scale CDM projects, they are discussed bellow in Section 3.2.
3.1.5. Issue of CERs
The certification report of the CDM project is necessary for issue of CERs. The 
Executive Board of the CDM will issue the CERs into the account of the project 
developer. A 2% of the CERs in the account will be deducted for the adaptation 
fund of developing countries (UNFCCC 2001b). Figure 1 shows the CDM project 
cycle, the key actors, the stages and main issues involved. The project cycle for 
small CDM projects has been simplified together with its FDD, baseline methods; 
the validation and verification stages can be carried out by the same DOE.
As can be seen, the implementation of a CDM project is complex, taking 
considerable effort and time from developers. The incentives for participating in this 
mechanism are the potential financial revenues from selling CERs. As a result of 
that, this EngD project carries out an integral assessment for particular small-scale 
CDM activities, micro-hydro and solar technologies. The aim of this research is to 
support the implementation of the CDM to promote renewable electricity in rural 
areas of developing countries. The study explores the application of this market- 
mechanism to reduce energy poverty using non-fossil resources; hence to reduce 
GHG emissions and support development.
23 The Marrakech Accordes establishes that for small projects the DOE contacted for the validation 
and registration can also carry out the verification and certification stages (UNFCCC 2001 b, Annex 4).
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3.2. Small-scale CDM projects
In July 2001, the Bonn Agreement, COP-6bis, decided to develop a fast-tracking 
provision for small CDM projects that are defined under the following types 
(UNFCCC 2001a):
I. Renewable energy project activities with a maximum output capacity up to
15 MW;
II. Energy efficiency improvement project activities, which reduce energy
consumption, on the supply and/or demand side, by up to the equivalent of 
15 GW-hour per year;
III. Other project activities that reduce emissions by sources that emit less than 
8 ktC02 equivalent per year.
Type (I) refers to projects that use renewable resources such as solar, wind, hydro, 
geothermal, wave and tidal power. Type (II) are projects using technologies to 
reduce energy consumption. Energy efficiency projects can be divided into three 
main areas -demand-side and supply-side projects and fuel switching measures. 
The first projects generate the same output or service as their alternative but 
consume less energy such as energy efficiency bulbs for lighting. The second, 
supply-side projects provide equal electricity using less fuel such as combined heat 
and power. The third set of projects can improve electricity consumption by fuel 
switching for industrial and building facilities. Under type (III) can be non-electricity 
projects such as agriculture, switching fossil fuels, transport and methane recovery 
and emission avoidance (UNFCCC 2003a).
The defined CDM project types are classified in different categories as listed in the 
table below. The three project types are mutually exclusive. In the case of a project 
that includes one or more of these activities, each activity must meet the threshold 
criteria separately. The scope of this research lies within Type I Renewable energy
projects^, specifically categories A and B projects that generate electricity by the 
user and that generate mechanical energy for the user respectively. For example; a 
Type I.A project can be a solar home system that provides electricity for lighting;
24 Renewable energy projects, under which the Executive Board clarifies that the maximum output is 
the installed capacity indicated by the manufacturer of the plant or equipment. This does not consider 
the load factors (UNFCCC 2003a). It also specifies that the appropriate equivalent of 15 MW refers to 
MW(e) (e stands for electric) but project proposals could also use MW(p) (p stands for peak) or 
MW(th) (th stands for thermal).
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and a Type I.B. project can be a micro-hydro plant that powers machinery in a small 
workshop.
Table 4 Small-scale CDM projects
Project types Project categories
Type I
Renewable energy projects 
<15MW
A. Electricity generation by the user
B. Mechanical energy for the user
C. Thermal energy for the user
D. Renewable electricity generation for a grid
Type II
Energy efficiency improvement 
projects <15 GWh/year savings
A. Supply-side energy efficiency improvements -  
transmission and distribution
B. Supply-side energy efficiency improvements -  
generation
C. Energy efficiency and fuel switching measures for 
industrial facilities
D. Energy efficiency and fuel switching measures for 
buildings
E. Energy efficiency and fuel switching measures for 
buildings
F. Energy efficiency and fuel switching measures for 
agricultural facilities and activities
Type III
Other project activities always 
<8 tC02/year
A. Agriculture
B. Switching fossil fuels
C. Emission reductions by low GHG emitting vehicles
D. Methane recovery and avoidance
E. Avoidance of methane production from biomass 
decay through controlled combustion
The modalities and procedures for small CDM projects also suggest that if a 
proposed activity does not fall into any of the defined categories, project 
participants can submit a new small project category to the Executive Board for 
consideration. A small-scale CDM project activity cannot be a de-bundled 
component of a larger project activity. In order to facilitate the implementation of 
small-scale projects, the modalities and procedures for small CDM projects are 
simplified in the following areas (UNFCCC 2002b):
i. Project activities may be bundled or portfolio bundled at the following stages in 
the project cycle: the project design document, validation, registration, 
monitoring, verification and certification.
ii. The size of the total bundle should not exceed the limits stipulated for each 
project type.
iii. A simplified version of the CDM FDD is also available for small-scale activities.
iv. The same DOE may undertake validation, and verification and certification 
activities, see Figure 1 for the project cycle of small CDM projects.
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v. The time period for registration is reduced to four weeks after the date of 
receipt of the request for registration, if no review of the proposed CDM project 
activity was requested.
3.3. Differences between small-scale and large CDM projects
Small-scale CDM projects are different from large CDM projects in five aspects: a)
baseline and monitoring methods are simplified for small-scale CDM projects; b) the 
additionality test for small-scale CDM projects should only demonstrate that the 
project would not have occurred anyway due to investment, technological or other 
barriers; c) leakage calculation is not required for small-scale CDM projects; it is 
necessary only if the technology is installed for the first time; d) environmental 
impact assessment for small-scale CDM projects is needed only if the host country 
requires it and e) the same DOE can carry out validation and certification.
3.4. Associated risks of CDM projects
Although the Kyoto Protocol has entered into force in February 2005, CDM projects 
still face significant risks for their implementation due to the novel nature of the 
carbon market. There are three main risks associated to CDM projects (PCF 2002, 
Jablonsky 2003, Jahn et al. 2004, p6):
a) Project risks, which refer to the conventional risks linked with designing and 
implementing any project activity. For example, they can relate to the 
construction, performance, finance performance, environmental impacts and 
any situation out of control of project developers.
b) CER risks, that relate to the CER’s price and quantity. The CER price is driven 
by the market price, depending on the supply and demand of emission 
reduction credits. The first depend on the amount of credits25 coming from 
countries with economies in transition. The demand of CERs depends on the 
number of countries using the market-mechanisms to achieve emission 
reduction quotas. The participation of the USA would increase the demand for 
CERs considerably. The CER quantity risks are linked to the uncertainty in 
estimating emission reductions as the baseline and project emissions might 
change during the crediting period. For example, the changes can be new host 
country energy policy, technological innovation and increasing project activity.
25 The credits that economies in transition or hot air can contribute are the Assigned Amount Units, 
known as AAU. The ratification of Russia plays an important role in the supply of emission reduction 
quotas, as this country is not required to reduce emissions in the first commitment period 2008-2012.
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c) Country risks are the risks associated to host countries of the CDM, which are 
developing economies with unstable political, economic and social 
circumstances.
3.5. The CDM status so far
Under the Kyoto Protocol developed countries can use emission reduction credits
or CERs obtained from the CDM activities26. The emission credits allow developed 
countries to comply with their emission quotas during the first period of the Protocol 
(2008-2012). The credits will be traded within the international carbon market; 
CERs allowances will compete with the credits from Emission Trading and Joint 
Implementation activities. Grubb (2003) establishes that Kyoto trading is a buyer’s 
market for the first commitment period and that prices of CERs are predicted to be 
bellow US$ 13/tC02. Figure 2 demonstrates Kyoto buyer’s market, showing the 
supply-demand of allowances in developed countries where the EU, Japan and 
Canada need -demand side- about 455 MtC02e to achieve their quotas (based on 
2000 emissions data). The main suppliers of allowances are economic in transition 
countries; specially Russia, Ukraine and other EU candidates when using the Joint 
Implementation mechanism. Russia and Ukraine27 alone can supply more than 
1000 MtC02e (Grubb 2003); this figure represents 20% of their overall surplus as 
they might need to buy back allowances for the second Kyoto period28. The amount 
of allowances from developing countries and the CDM is estimated to be more than 
8750 MtC02e29 for the first commitment period (Grubb et al. 1999 and Grubb
2003).
After introducing the concept, process and risks of CDM projects this section now 
looks at the CDM activities so far. It presents the CDM activities carried out by
28 The emission reduction credits for Emission Trading and Joint Implementation are know as 
Assigned Amount Units or AAU and Emission Reductions Units or ERU respectively (UNFCCC 1997).
27 Russia and Ukraine are the strongest countries, within the economic in transition (EIT) countries, to 
supply emission allowances for Joint Implementation projects as they do not have Kyoto commitments 
in the first period. EIT emissions reporting (from 1990,1998,1999 and 2000 National Communications 
to the UNFCCC) show that these countries (except Slovenia and including Russia and Ukraine) have 
emit less than the base year of 1990, which means that they have potential for substantial emission 
surplus under Kyoto (Grubb 2003).
28 Grubb (2003) estimates these amounts based on CO2 emissions from energy-related industries, 
which account for 80% of the total GHG emissions across industrialized countries. Thus, the absolute 
emissions will be higher for Kyoto.
29 This average figure is based on economic and trading models and are subject to baseline 
assumptions which can overestimate emission credits to as much as 900-2000 MtC02e over the Kyoto 
period (Bernow et al. 2001 ).
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public and private bodies and it finishes with a summary of these activities under 
the UNFCCC.
3.5.1. CDM activities
Despite the delay of the enforcement of Kyoto agreement there are CDM activities 
initiated mainly by public institutions. The two largest CDM programmes are the 
Prototype Carbon Fund -initiated by the World Bank- and the Dutch Carbon 
Emission Reduction Unit Procurement Tender -known as CERUPT. Other countries 
such as Austria, Finland, Denmark, Germany, Sweden, Italy and Japan have also 
started similar CDM activities. Until now the Prototype Carbon Fund has approved 
twelve CDM projects within its portfolio and it has seven under development (PCF
2004).
Figure 2 Kyoto trading potential in Annex I countries
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Source: Modified from Grubb (2003, p163)
Note: The bar shows the gap between 2000 CO2 total national emissions and Kyoto commitments for 
main Annex I countries, USA and Australia are not considered here.
Key: EU-A= the 10 EU accessed countries. OEIT= the 5 other economy in transition countries 
applying for EU accession (Bulgaria, Croatia, Romania, Turkey and Hungary). OOECD= all other 
OECD countries (such as New Zealand, Iceland, etc.).
By March 2003, the Dutch government selected eighteen potential CDM projects; 
however, to date only eight CDM projects have finished the contract agreement 
(Center 2004). None of the initiatives invest directly into the projects; but carbon 
purchasing agreements are signed with the project’s owners, that will be paid on
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delivery of the CERs. Some of these listed projects have received a number of 
criticisms related to the issue of additionality and sustainable development that are 
discussed below. Besides, in July 2003 the World Bank formed a Community 
Development Carbon Fund as the only initiative to promote small-scale CDM 
projects. The governments of Austria, Canada, Italy and the Netherlands support 
the fund, with a total budget of more than US$ 35. million (World Bank 2003). In 
Table 5 can be seen that the CDM demand is approximately US$ 600k from trading 
150 MtC02e with a CER price of US$ 3-5/tC02e (Kartha et al. 2004).
Table 5 CDM activities so far
Activity Involvement Amount (million)
PCF Six governments involved: Canada, Finland, the 
Netherlands, Norway, Sweden and Japan. About 17 
companies
US$180
C-ERUPT Dutch government EUR 32.5
Austria Austrian government EUR 72 (2003- 
2006)
Finland Finnish government EUR 10
Denmark Danish government EUR 120 to 2007
Germany KfW -  Federal government and state EUR 25-50
Sweden Swedish government EUR 15
Italian Carbon 
Fund
Italian government and it is open to contributions from 
national companies
US$ 20 (target US$ 
80)
Japan Carbon 
Fund
Japan Bank for International Cooperation and Development 
Bank of Japan
EUR 31.3 plus 
EUR 23.5
Community 
Development 
Carbon Fund
Four governments involved; Austria, Canada, Italy and the 
Netherlands. Plus companies from Japan, Germany, Spain 
and Swizerland
US$ 40-70
Total ~US$600
3.5.1.1. EU Emissions Trading Scheme
In order to reduce costs of the EU Kyoto commitments30, EU countries have agreed 
to set up an internal market to enable companies to trade C02 emissions known as 
EU Emissions Trading Scheme (EU-ETS). Under this scheme more than twelve 
thousand plants31 across the EU (including 25 countries) have been able, since 1st 
January 2005, to buy and sell permits to emit C02. These permits cover about 45% 
of the EU's total C02 emissions. The first three-year phase of the EU-ETS runs 
from 2005-2007 and the second five-year period, from 2008 to 2012; for the 
subsequent phases other GHGs are to be covered. The national targets, for each
30 The overall EU Kyoto targets are 8% bellow 1990 levels between 2008-2012 (UNFCCC 1997).
31 The installations liable under the first commitment period of the scheme are electricity, cement, 
ferrous and non-ferrous metals and other energy intensive sectors (EU 2003).
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country, are known as in a National Allocation Plan (NAP) that has to be approved 
by the Commission. Under the EU scheme, companies exceeding their quotas 
could buy unused credits from those doing better at cutting their emissions. Fines of 
€40 per excess tonne of C02 emitted will be imposed on companies that exceed 
their target (EU 2003). To put this figure into context, market prices for carbon 
allowances are in the range of €8-10/ tC02e; by offering a much cheaper alternative 
to fines, the Commission hopes that the EU-ETS will stimulate innovation and 
create incentives for companies to reduce carbon emissions.
Under the EU-ETS companies are also allowed to use emission reduction units 
from CDM and Joint Implementation activities32 (EU 2004). The demand for CERs 
is seen to be small as the initial allocation of allowances is generous. Until now the 
EU has demonstrated to be a leading party for Kyoto using its political influence in 
convincing developing countries and the economies in transition, specially Russia, 
to ratify the Protocol. This fact implies a political need to do some international 
trading and to avoid a CER price collapse.
3.5.2. The CDM in the UNFCCC
By March 2005 the Executive Board of the CDM had received nearly 94 PDDs, 
from which 82 CDM projects were in the validating and reviewing stages, they 
represented total reductions of 15 MtC02/year (UNFCCC 2005d). Besides, the first 
three CDM projects were registered, as Table 6 shows, including one small hydro 
project in Honduras.
Table 6 Registered CDM projects
Registered Title HostParties Other Parties
Reductions
(tC02e/year)
08/03/05
Project for GHG emission 
reduction by thermal 
oxidation of MFC 23 in 
Gujarat, India.
India
Japan 
Netherlands 
UK and Northern 
Ireland
3’000,000
11/01/05 RIO BLANCO Small Hydroelectric Project Honduras Finland 17,800
18/11/04 Brazil Nova Gerar Landfill Gas to Energy Project Brazil Netherlands 670,133
Source UNFCCC (2005d, 03/05)
32 The EU Directive clarifies that CERs can be used during the first and second phase of the EU-ETS; 
however, ERUs (from Joint Implementation activities) can only be used from (EU 2004).
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Furthermore, there were 21 CDM projects with approved baseline and monitoring 
methods, from which more than 30% belong to waste technologies reducing mainly 
CH4 emissions that provide larger GHG reductions than C02. Renewable 
technologies were also well represented with more than 30%. Not surprisingly, only 
20% were small-scale projects. However, three of these were in the waste sector, 
with only one was a renewable proposal. This is because, in general, waste GHG 
reducing projects require less capital costs. Nearly 50% of the projects were from 
Asian countries and only one project from a West African country. Appendix I lists 
these projects with their location, size and type characteristics.
In 2005, the carbon market was rapidly evolving and the number of potential CDM 
projects rising with buyers looking for high volume and low price reductions. Indeed, 
by October 2005, the number of registered CDM projects was 30; from which 55% 
(17) belonged to small-scale activities, mainly to Type I.D Renewable electricity grid 
projects. These small-scale registered CDM projects only represented 5% of the 
total emission reductions, while the two registered HFC CDM projects represented 
more than 30%. The CDM registered projects were distributed in Latin America and 
Asia; Honduras, Chile and India are being the main host countries (UNFCCC 
2005e).
The CDM projects’ geographical distribution and preferences show that investors 
are focusing on host countries with politically and economically stable 
circumstances. In other words, countries with less risks that offer stable built 
capacity to climate change policies and considerable emission reductions potential. 
However, host country participation also depend on their own initiative as some 
have been very active since the climate change negotiations started. Within the 
CDM, Sub-Saharan Africa shows less degree of participation. This situation was 
also shown in the pilot-phase for Activities Implemented Jointly when African 
countries participated at a level less than 10% of that other continents33 (Solis et al. 
2002). Small CDM activities can represent an investment alternative for unpopular 
countries that also show a limited potential for large projects as they require less 
capital costs.
33 For a review of this pilot-phase see the paper International Climate Change Policies and Latin 
American Participation (Solis et al. 2002) in Section 3, Volume II.
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From this brief review of the CDM status it is noticed that geographical preferences, 
project size and type play a very important role on investors criteria to choose CDM 
projects. Unfortunately, this pressure does not support decision in line with the 
equity basis of the climate change convention. Capacity building on climate change 
in poor African countries is needed to encourage investment in that region. On the 
other hand, project type preferences are subject to the market conditions and 
investors decisions; the strong representation of small-scale CDM projects has 
been possible with the use of the fast-track process. This shows that research work 
on these activities needs to continue; this will help promote the participation of less 
atractive countries.
4. The CDM main issues
The CDM concept is straightforward but its process and application are new and 
lengthy. The CDM presents a range of issues to learn and explore; from developing 
countries’ capacity building, methodologies to establish emission reductions, 
ownership of credits to costs of a CDM project cycle. The scope of this EngD 
project does not allow discussing the broad aspects of the CDM implementation; 
this section focuses on three main issues: a) additionality b) baseline and emission 
reductions and c) sustainable development. The next section addresses the 
principal problems encounter by small-scale CDM projects.
4.1. Additionality concept
A key issue for a CDM project developer’s consideration is the matter of 
additionality as a crucial safeguard to protect the environmental objectives of the 
climate change convention. Jackson et al. (2001) explain that the additionality 
concept was first introduced at COP-1 in 1995 in the context of approval criteria for 
pilot-phase Activities Implemented Jointly projects. Under this pilot-phase there 
were two specific requirements: a) that projects should be additional in achieving 
real GHG reductions, over and above what might be expected in the absence of the 
projects; b) that projects should be additional to investment normally acquired 
through Official Development Assistance, ODA. A similar statement was agreed 
under the Kyoto Protocol in 1997 for the CDM projects; they must be “additional/’ 
that is, they must provide "reductions in emissions that are additional to any that
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would occur in the absence of the certified project activity’34 (UNFCCC 1997). From 
this, it can be said that additionality assesses whether a CDM project’s emission 
reductions would have occurred in the absence of the project and whether the 
project is implemented without ODA.
In principle, the term seems to be clear, but when it is applied to the project level 
the concept of additionality becomes complex. The main reason is that it is 
counterfactual because if a CDM project is being implemented, it will never be 
possible to know definitely what would have happened without this project. This 
uncertainty cannot be avoided, but by applying methodologies and regulations that 
could justify the project as a CDM activity it can be minimized. For example; a FDD 
for a CDM activity requires details of baseline and emission reduction calculations -  
part of the additionality condition- with an appropriate justification of the method 
applied and assumptions taken. This document is also subject to verification by 
independent certifiers and acceptance from the CDM Executive Board. Besides 
that, emission reductions credits are issued after monitoring the CDM project.
In 2002, the Marrakech Accordss clarifies the CDM additionality concept by 
including the following direct statements:
... ‘a CDM project activity is additional if anthropogenic emissions of GHGs by 
sources are reduced below those that would have occurred in the absence of the 
registered CDM project activity’ (UHFCCC 2001b).
and
'Emphasizing that public funding for CDM projects from parties in Annex I is not to 
result in the diversion of ODA... and is to be separate from and not counted 
towards the financial obligations of parties included in Annex I’ (UNFCCC 2001 b)
The Accords went back to the original additionality concept presented for the pilot- 
phase of Activities Implemented Jointly. However, it specifies the emission and 
financial conditions that apply to the CDM, which were not included in the Kyoto 
Protocol. However, the interpretation of the first statement of the Marrackech
34 See Article 12.5 of the Kyoto Protocol (UNFCCC 1997).
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Accordss is still controversial as it will never be possible to know the emissions 
release without the CDM because of the counterfactual factor. The second 
statement is linked to a direct financial additionality which arises if the CDM project 
is not financed by means of the official development aid budget.
From this, two main types of additionality criteria can be identified: environmental 
and project additionality. A third type of additionality requires the investment of a 
CDM project to be additional to that under business as usual conditions (Jackson et 
al. 2001). The project must demonstrate that the activities would not have occurred 
under normal technical and economic conditions. This is known as investment 
additionality.
Recently the Executive Board introduced a new additionality concept: project 
additionality. Under this a project is creditable if it would not have taken place in the 
absence of the credits. Jepma (2004, p1) states that this is a new barrier to CDM 
implementation, which undermines the present activities for initiating CDM 
initiatives. Indeed, as presented, the issue of additionality can create an endless list 
of criteria that would reduce the incentives for investing in the CDM. As to date, 
additionality criterion remain complex to define and controversial to apply. In 
practice this criterion needs clear rules for project developers with little compromise 
on transaction costs. At the moment, there is an ongoing concern about the level of 
data that may be required to pass these tests.
The main problem is the potential for non-additional projects (free-riding) being 
considered as CDM project types. This problem requires adequate safeguards to 
ensure environmental integrity of the CDM projects. These safeguards can be 
based on barriers tests or investment tests and increased stringency of baselines 
(Jackson et al. 2001). Therefore, a balance between transaction costs and 
environmental integrity needs to be drawn to provide the necessary incentives for 
the CDM implementation. For example; the CDM Executive Board have developed 
standarised baseline methods for small-scale CDM projects. These methods would 
support reducing transaction costs for this project size and would ensure that the 
emission reductions estimations are appropriate.
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The literature reviewed suggests five main types of approaches to apply the 
concept of additionality; they do not include environmental additionality as this is 
based on baseline determination discussed below. The following are the 
additionality approaches:
4.1.1. Investment additionality
Investment additionality assesses the economics of a CDM project to find out if a 
project would have been carried out without the revenues from the GHG credits. 
Finance appraisal tools such as net present value, internal rate of return or pay 
back period could be used to evaluate performance with and without credits35. 
Under this evaluation a CDM project is additional if it is a costly alternative to 
implement. In practice it could be difficult to apply this approach as it requests 
investor’s financial data on projects, which can be confidential. In addition, it might 
be difficult to determine the arbitrary discount rates use to appraise projects as they 
differ from investor to investor or country to country.
Here, a contradiction with the original aim of the flexible mechanisms focused on 
reducing overall compliance costs occurs. Indeed, Grubb et al. (1999) refer to the 
paradox of additionality as the most cost-effective projects may be the least 
additional and that strict project additionality would give perverse policy incentives. 
Bode et al. (2003, p33) have analysed two renewable projects under this approach 
and their findings show that using the investment criterion can provide distorted 
incentives; e.g. leading to investing at unfavorable sites in respect to emission 
reductions. They propose using environmental additionality as the most important 
criterion to safeguard the environmental integrity of a CDM project. They argue that 
the key is to invest in economic viable projects with low abatement costs to attract 
CDM investors. The authors acknowledge that environmental integrity of the CDM 
can still be respected; for example, by applying a uniform emission reduction factor 
for each electricity grid and load period for renewable projects.
35 Chapter VI discusses these tools and applies them on assessing small energy projects.
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4.1.2. Barriers approach
This approach identifies possible barriers that might have prevented the project 
from being business-as-usual. For example; these might be technological, 
institutional, legal or policy, financial, market and environmental barriers. Under this 
approach, a project passes the additionality test if it can be shown that real barriers 
to its implementation exist and that the initiative plans to undertake specific actions 
to remove these barriers. Initially, the IEA and OECD (1997) introduced a proposal 
for a barrier removal test to assess additionality of Activities Implemented Jointly 
projects. They suggest that a project is additional if four main issues can be 
demonstrated:
• The existence of institutional, financial and technological barriers of a project 
proposal.
• That these barriers do not have the same effect for the baseline case.
» That the design of the Activities Implemented Jointly projects effectively 
addresses these barriers.
• That the financing of Activities Implemented Jointly project is additional to 
ODA or existing commitments under the UNFCCC.
The difficulty with the barriers approach is that its assessment can be subjective as 
it is to a large extent qualitative. To apply this approach a distinction needs to be 
made between two types of barriers. The first are barriers that are likely to be 
overcome by the project developer for reasons other than carbon credits. For 
example, lack of adequate supply of equipment in a host country, such as 
photovoltaic parts in Africa. The second refers to barriers that can only be 
overcome under the CDM project because of the additional revenues from the 
carbon credits. For example, shortage of capital in the host country where a private 
investor could be attracted to the CDM project because it would provide profits from 
selling credits.
IEA also propose a way to apply the barriers approach by using values 0, 1, 2 and 
3; representing non existent, small, medium and large barriers, respectively. An 
emission reduction project can be considered additional if its risk factor is 2 or 3. 
This evaluation depends on the criteria of investment of project developers and to 
what the CDM project is compared. Project developers would normally only invest
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in 0 risk factor projects; thereby, if the CDM project shows risk factor greater than 1 
then it would pass the additionality criterion (Probase 2003 p138).
On the other hand, Probase (2003) applies combined barriers to assess a range of 
projects in different countries (such as a 330 MW geothermal plant in Sumatra, a 55 
MW hydro power plant in Romania and heating centres in Czech Republic). The 
barriers are categorized into six aspects; technological, institutional, policy, 
financial, market and environmental. Different barriers can apply to each aspects for 
example, lack of technical expertise, risk of adequate supply of equipment, risk of 
technical breakdown, lengthy development process and poor utility infrastructure 
can assess technological aspects of a CDM project. Each barrier is evaluated 
against the business as usual scenario of the country where the project is to be 
implemented. It is scored positive or negative and an average score is given. An 
overall positive score means that there is no significant barrier to carry out the 
project under the business as usual situation; it can be implemented without the 
CDM, thus the CDM project would not be additional. A negative result means that 
the CDM project passes the additionality test, as there are too many barriers for the 
project to be implemented without the CDM. This test can be conducted along with 
other additionality tests. It can be seen, that this test is subject to the evaluator’s 
judgement and to how the project developers present the CDM project case, but 
provides a logical framework for a CDM project additionality evaluation.
At the same time Kenber et al. (2003) have suggested a new way to assess 
additionality under a Gold Standard FDD for CDM projects. This standard uses a 
set of five barrier themes: financial, political, institutional, economic and 
technological barriers.
® Financial barriers -  focusing on barriers that make the project not attractive 
from a financial point of view. This theme would focus on the barriers based 
on: equity perception, which relates to the Foreign Direct Investment (FDI) 
into the country and debt perception, which refers to project type for which it 
is difficult to obtain credit.
• Political barriers -  focusing on country risk. For example, an export credit 
provider may not offer cover because of the country risk, but it will do so
34
Chapter I Introduction
with an added guarantee. Also a Governmental Approval, required for a 
CDM project anyway, may provide more certainty to a project.
• Institutional barriers -  focusing on legal, regulatory structures and 
limitations. Immature legal structures in a host country increase the risk 
associated with the project. Examples are poor contract and law 
enforcement that many developing countries experience.
• Economic barriers -  focusing on macro-economic barriers. This includes 
market distortions, cross-subsidies that provide barriers for the project under 
consideration and access to finance for a specific type of project.
• Technological barriers - focusing on the risks with innovative technologies; 
e.g. uncertainties for new technologies or innovative fuels such as bio fuels 
that reduce the chances of obtaining funding.
The Gold Standard for CDM projects defines a set of criteria for additionality which 
requires justification of each barrier but does not state how the test is going to be 
graded. If the CDM project experiences at least three out of the five barriers, then 
an uncertainty on the final outcome occurs, which would depend on the subjectivity 
of the evaluators. Therefore, it is proposed to focus on two themes: financial and 
technological barriers. The last would show that if there are no projects, barriers are 
likely to exist. Chapter IV, Sustainability analysis, discusses the Gold Standard tool.
4.1.3. A priori additionality
This approach assumes projects as eligible in advance and could be used to 
promote specific technologies such as renewables. Then a priori additionality 
approach was suggested by the US-EPA (Carter 1997). Taking renewable as 
example, the criterion could assume that the project qualifies under the CDM even 
though it might be implemented slowly without such quantification. Renewable CDM 
projects would stimulate technology and energy practice changes in the host 
countries, hence, clearly contributing to GHG reductions. However, this would also 
minimise the eligibility and options for other technologies over a longer period of 
time, such as forestry projects. On the other hand, Jackson et ai. (2001 p33) 
explain that this approach can undermine the cost effective argument of climate 
abatement projects, if that is to be considered, as this criterion evaluates projects 
irrespective of costs.
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A clear advantage of a priori additionality is that it lowers transaction costs and 
simplifies assessment. However, it remains difficult to determine which technologies 
should be a priori additional and which not; meaning that an assessment needs to 
be carried out to explore the implications before it is implemented.
4.1.4. Policy additionality
Policy additionality refers to what would have been done anyway in the absence of 
the project. Obviously, if legislation in a country mandates that something must be 
done it cannot be additional. Other policies may simply enable the project but do 
not necessarily affect its additionality. This issue has been clearly specified in a 
guidance developed for the UK-Emission Trading Scheme by Begg et al. (2002). 
The guidance suggests that if it is mandated it is not additional but if other policies 
are in place it is not conclusive and other additionality tests are also required as 
many potential projects could be excluded. One problem with mandatory policies is 
that if a host country’s energy policy promotes renewable technology then under the 
policy additionality criterion projects such as off-grid wind turbines would not be 
considered even if they were the most feasible means for rural electrification. It is a 
problem for accession countries in the EU, as Probase (2003 p137) final report 
states, that by applying policy additionality, 50% of the possible Jl credits could be 
decreased in Czech Republic. This is due to a EU policy on Integrated Pollution 
Prevention and Control.
At the same time, a policy additionality approach could be seen as an incentive to 
remove national clean technology policies in developing countries so as to increase 
the chances for CDM investment. On the other hand, it can create an investment 
criterion in funding projects in countries where mitigation measures would not occur 
through normal national policy (Climate Trust 2001).
This approach can be ambiguous as a project can be politically additional during its 
first years of operation or first crediting period but not anymore if the current 
national policies and circumstances change. A geothermal case in Indonesia 
evaluated under this approach recognises that the country’s energy policy supports 
renewable technology. However, finance reasons are the barriers to implement
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geothermal projects in that country. Hence, the study suggests that the project is 
politically additional but a revision on it should be carried out every 7 years of 
crediting period (Probase, 2003 p142). This shows that a project can pass this 
additionality test at present but does not ensure what will happen in the future. This 
provides another type of uncertainty for investors and host countries.
4.1.5. Consolidated tools to test additionality
In December 2004, the CDM-Executive Board published a report suggesting tools 
designed to demonstrate additionality of CDM proposals. There are six steps to 
follow (UNFCCC 2004e):
Step 0. This step screens if the project started after 1st January 2000 and before 
31st December 2005. If the CDM proposal has not started between those dates then 
it is not eligible as a CDM project.
Step 1. Identifying alternatives to the project, this step should define realistic and 
credible alternative scenarios to the CDM project proposal, these can be part of the 
baseline. For example; an off-grid small hydro power plant is an alternative for an 
off-grid diesel generator plant. Besides, the CDM proposal should comply to the 
country or region law and regulations.
The tool then requires either Step 2 or 3 to be followed, or both of them.
Step 2. Investment analysis to show that the proposed CDM project is not the most 
economically or financially attractive alternative. This step determines whether the 
CDM proposal is financially attractive by applying the following analyses: simple 
costs, investment comparison (using IRR, NPV, etc.), benchmark and sensitivity. If 
the results show that the CDM proposal is unlikely to be financially attractive, then 
the project is additional and Step 4 (or if prefer also Step 3) is applied. In other 
words, the CDM encourages inefective financia options.
Step 3. Barriers analysis. This steps establishes if the CDM proposal faces barriers 
that prevent its implementation. The barriers to analyse and justify are: investment, 
technological, due to prevailing practice such as developers lack of familiarity with
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new technologies and other possible barriers. The last can be national policies and 
subsidies that promote less environmentally sound technologies, such as the use of 
thermal power rather than renewable energy. If Step 3 is satisfied then follows Step
4. If Step 3 is not satisfied then the project proposal is not additional.
Step 4. Common practice analysis, which complements Step 2 and 3 based on 
information about similar activities to the proposed CDM project. The aim is to study 
the extent to which the type of CDM project proposal is diffused in the appropriate 
sector or region. In this way, unattractive sectors or regions can be supported with 
CDM investment.
Step 5. Impact of CDM registration. This step shows the benefits of the CDM 
proposal, which are the emission reductions, CERs revenues and creation of 
capacities (such as technological). If Step 5 is satisfied then the CDM proposal is 
accepted as additional, as it is not the baseline scenario.
The costs related to the ‘common practice’ test (Step 4) are not negligible, while its 
impact for the decision on additionality is just moderate. The fact that a project is 
not common practice is a necessary requirement, but does not lead to a final 
conclusion concerning its additionality. In Step 5, Impact of CDM registration, 
project participants are requested to demonstrate how the CDM supports them to 
overcome the difficulties the project is experiencing. This step is useful because it 
checks for credibility of the project participants’ arguments and provides insights 
into their decision making.
As it can be seen this additionality tool is very strict, even if the Executive Board 
suggested it is optional for project developers. It has earned a lot of criticism from 
business and some consultants, while it has being welcomed by other consultants 
and most researchers. The last because the additionality test ensures the 
environmental integrity of the Protocol as it reduces the chances for ‘free-riding’. On 
the other hand, businesses argue that it leads towards a project-by-project review 
by the Executive Board; causing longer periods as well as increasing transaction 
costs. Even so it is currently widely used, by necessity, by many project developers, 
as it is the only realistic option to avoid a possible delay of the project.
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The additionality tool provides guidance and reduces the risks associated with the 
CDM proposal; however, the remaining uncertainties and the costs of the common 
practice test make it still difficult to use for project developers.
4.2. Baseline and emission reductions
A first key question for CDM projects is how to quantify emission reductions. Article 
12 of the Kyoto Protocol states that projects must 'result in real, measurable and 
long term benefits related to mitigation of climate change' and that emission 
reductions are additional to any that would occur in the absence of the certified 
project activity' (UNFCCC 1997). Here, is where the baseline concept comes in. 
The baseline case describes the hypothetical emission situation that would 
have occurred if the CDM project were not implemented.
As mentioned above, the problem within the baseline is that it is inherently 
counterfactual, representing neither what has happened nor what will happen, but 
what would have happened if the abatement project had not been implemented 
(Jackson et al. 2001). This quantification is uncertain for all CDM projects, including 
the small ones. For the baseline case, the C02 emissions are estimated by knowing 
the specific sources and quantities of fuels that would have been used. For the 
CDM project, the estimation of the post or present energy plants operational 
circumstances, with the possible sources of fuels consumed should be considered. 
Emissions following implementation of the CDM project are then estimated, taking 
account of the full range of fuels consumed. Then, the C02 emission reductions are 
estimated by subtracting the emissions of the project from the baseline case; 
considering that the project replaces an equivalent service. The following is a basic 
equation to calculate emission reductions:
C02emission reductions = C02baseline case -  C02project case ...(1)
Figure 3 is a schematic representation of emission reductions. For many renewable 
projects (e.g. hydro, wind and solar) the project case is assumed to be zero C02 
emissions when operating. Hence, the baseline is the key parameter to determine 
for energy projects.
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Figure 3 Representing emission reductions
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4.2.1. Baselines and environmental additionality
Additionality tries to ensure that the emission reductions produced by the project 
are real and would not have happened anyway. CDM projects should be 
environmentally additional in the sense of achieving real reductions in GHG 
emissions, over and above what might be expected in the absence of the project 
(Jackson et al. 2001). The main problem is that the potential for non-additional 
projects {free-riding) can be considerable for some CDM project types. This 
problem requires adequate safeguards to ensure environmental integrity of the 
CDM projects, such as the application of reliable baseline approaches for emission 
reductions. This increases the stringency of baseline determination, balancing 
environmental additionality and transaction costs.
4.2.2. Baselines and uncertainty
The counterfactual nature of the baseline introduces uncertainty in estimating 
emission reductions. Begg (2002) suggests that this uncertainty cannot be reduced 
and measures to limit the effect are essential for the environmental integrity of the 
projects. There are four main sources of uncertainty: a) project performance, b) 
unknown baseline technology/fuel, c) data accuracy and d) unknown future political, 
economic and environmental context of the baseline. Begg (2002) explains a 
number of ways to overcome uncertainty in estimating emission reductions such as
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monitoring project level data, limiting the crediting period and selecting conservative 
baseline values.
To date not much emphasis has been put on estimating uncertainty of baseline 
emissions for CDM projects in general. However, Begg et al. (2001) in a study 
evaluating C02 reductions from seven small electricity projects from developing 
countries (Kenya, Nepal, Zimbabwe and Sri Lanka) state that the range of 
uncertainty can be from ±25% to ±60%. A second work carried out by Begg et al. 
(2003) also estimated uncertainties ranging from ±13% to ±28% for six small 
electricity projects in Kenya, Tanzania and Ghana. Furthermore, the present 
research also estimates uncertainties of baseline for a set of eight small electricity 
projects in Peru and the results show a range from ±8 to ±90% (this is discussed in 
Chapter V, GHG analysis).
It can be seen that uncertainty of baseline evaluation can be high and that 
simplified methods for emission reductions quantification could reduce uncertainty, 
safeguarding the environmental additionality of small projects too. At the same time, 
it is important to acknowledge that more work needs to be done, firstly to estimate 
uncertainty and then to identify means to minimize it, focusing on different large and 
small CDM projects.
4.2.3. Baselines approaches for energy projects
Baseline methods for the energy sector have been developed since the early 1990s 
for mitigation studies. Recent studies such as Kartha et al. (2004), Probase (2003), 
Ellis et al. (2001), and Begg et al. (2001a p54-57) and Ellis and Bosi (1999) provide 
an overview of baseline methods for the energy sector. This section does not intend 
to review all baseline literature, instead focuses on the research related to small 
energy projects. Firstly, it summarizes the main approaches available for baseline 
development and their relationship with small-scale activities. This outline is based 
on Annex 4 of Probase (2003) report on Baselines and accounting. This report 
identifies three main categories: a) project specific, b) multi-project or standardized 
and c) hybrid baselines.
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The first approach, project specific baseline, estimates a baseline or baseline 
scenario for the particular project and its circumstances considering the system 
boundary, technology and fuel, lifetime, equivalence of service, uncertainty and the 
country context. This requires an enormous amount of reliable data and implies 
high consultancy costs for project developers. Hence, this type of approach would 
not be applicable to small projects unless a set of equal types of technology is 
bundled and a common baseline proposed. For example, a group of 500 solar 
home systems installed in areas without access to electricity in one country, 
replacing kerosene for lighting and assuming similar rates of fuel consumption.
The multi-project or standardized baselines approach can be applied to a 
number of identical types of projects. Probase (2003) defines seven different sub- 
categories under this approach, but the most common is benchmark values. They 
are identified by a range of parameters such as technology or sector, the time 
horizon over which they are calculated, whether they are dynamic or static in terms 
of time, and over what geographical area they apply. A typical example may be the 
average energy mix for the electricity supply sector. A benchmark could be defined 
on the basis of emission rate per unit of output, e.g. tC02/kWh.
Within the sub-categories Probase (2003) also recognizes a standardized baseline 
for special types of projects, which includes forestry and small-scale project 
baselines. Furthermore, other studies, such as Bosi (2001), have previously 
considered that off-grid and on-grid projects should be treated differently. Chapter V 
GHG analysis discusses three approaches to estimate emission reductions of off- 
grid small renewable projects and applies these approaches on solar panel and 
micro hydro projects. Standardised baselines are less complex and depend less on 
detailed data collection; however, the reference scenario taken for multiple 
situations should reflect realistic emissions reductions.
The last approach identified in Probase (2003), hybrid baselines, refers to those 
baselines where the project specific considerations are combined with a 
standardized approach. It involves standardizing the baseline in relation to the 
project type, size, country and sector. It does not assume project additionality, this 
needs to be assessed at the project approval stage considering baseline revision at
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intervals of seven or ten years. The approach is based on work carried out by Begg 
et a i (2001c).
4.2.4. Baselines under the Marrakech Accordss
Based on research work proposals, the Marrakech Accordss (UNFCCC 2001b) 
suggests that project developers can choose between project-specific and 
standardized approaches when developing baselines as follows:
I. With respect to project-specific baselines it is pointed out that they should take 
into account relevant national and/or sectoral policies and circumstances. 
Among these are sectoral reform initiatives, local fuel availability, power sector 
expansion plans and the economic situation in the project sector.
II. With respect to standardized baselines, project developers can select from 
among three different approaches:
i) Existing actual or historical emissions, as applicable; or
ii) Emissions from a technology that represents an economically attractive 
course of action, taking into account barriers to investment; or
iii) The average emissions of similar project activities undertaken in the 
previous five years, in similar social, economic, environmental and 
technological circumstances, and whose performance is among the top 20% 
of their category.
As (i) and (iii) are based on historical data, they can be evaluated depending on 
data availability.
In May 2004, the UNFCCC (2004d) published a consolidated baseline and 
monitoring methodology for grid-connected generation from renewable sources. It 
applies to hydro, wind, geothermal and solar projects. This methodology is based 
on six proposed CDM project baselines.
Simplified baseline and monitoring methodologies for selected small-scale CDM 
project categories have also been available since 2002 (UNFCCC 2002b). Some of 
the methods for small renewable projects are discussed in Chapter V.
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For the main baseline methods for large and small energy projects, default carbon 
emission factors for GHG (IPCC 1996), guidelines for GHG inventories and 
uncertainty (IPCC 2000), carbon emission factors for countries (IEA 2000) and 
guidelines from the UNFCCC secretariat should be applied.
4.3. Sustainable development under the CDM
The general concept of sustainability was introduced for the first time to a broad 
audience in 1987, when the UN World Commission on Environment and 
Development published its report Our Common Future (WCED 1987) The main 
recommendation of this document, also known as the Brundtland report36, was that 
the way to achieve a balance between economic growth and environmental 
protection was through a new approach named sustainable development. This term 
was defined as development that meets the needs of the present without 
compromising the ability of future generations to meet their needs” (WCED 1987). 
The Brundtland report also identified the three most important elements of 
sustainable development; meeting basic needs (social aspect), recognizing 
environmental limits (environmental aspect) and dealing with equity problems such 
as unemployment, famine, etc. within and between generations (economic aspect). 
Thereby, sustainable development covers the social, environmental and economic 
aspects. Since the introduction of the sustainable development concept many 
studies have been carried out to define the term from different perspectives; 
Markandya et al. (2002, p17-36) summarise and analyse research on the 
economic, environmental and social dimensions of sustainable development.
By now, sustainable development is an understandable term; however, the way to 
make it operational is another matter as its concept is still subjective. Indeed, 
Dresner (2002) explains that the difficulty in giving an operational definition of 
sustainable development and in reaching an agreement on what are its key 
elements lies in two concerns; the environmental and the social.
Since the UN Conference on Environment and Development in Brazil (1992) there 
have been many studies carried out to find a practical method to assess 
sustainable development. One way to analyse this concept is by using indicators
36 This name is used because the chair of the UN World Commission on Environment and 
Development was the Norwegian prime minister Gro Harlem Brundtland.
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that assess the three main aspects of sustainable development (social, economic 
and environmental) at different levels (global, national and project or local level). 
For example; at global level, the UN Development Programme’s Human 
Development Index37, at national level, the UK Headline Indicators of Sustainable 
Development38 and at project level or local level, Environmental and Social Impact 
Assessments39.
One of the dual objectives of the CDM is to contribute to the local sustainable 
development of the host country. The Marrakech Accordss states that it is the host 
country’s prerogative to confirm whether a CDM project activity assists in achieving 
sustainable development (UNFCCC 2001b). Implying that the host country needs to 
develop domestic institutional capacities to assess sustainability of CDM projects. 
This requires establishing a consensus for approval based on the different 
stakeholders of possible CDM projects. However, many host countries lack human 
and financial resources; they rely on developed country’s assistance to create those 
capacities. Even if a host country obtains support, it takes a long time to create the 
appropriate framework for implementing CDM projects. These frameworks need to 
be established to ensure that the efforts of completing CDM projects will not be in 
vain. Establishing an appropriate framework for assessing sustainability of CDM 
projects would also promote small-scale projects, which face additional barriers 
such as high transaction costs and the low carbon credit value. A sustainable 
development assessment framework should be designed for large and small 
projects; this could evolve from experience considering types of projects, size, 
location, period, etc.
To date, the way to assess sustainability under the CDM is not well defined, as the 
concept is broad and complex. Few developing countries have been able to
37 The Human Development Index is one of the indicators presented in the Annual Human 
Development Report of the UNDP. This index evaluates the grade of development of more than 160 
countries by using four main components; life expectancy at birth, adult literacy, combined primary, 
secondary and tertiary gross enrolment and GDP per capita (UNDP 2001).
38 The Headline Indicators cover three pillars of sustainable development; economic growth, social 
progress and environmental protection. The assessment is carried out comparing 15 key indicators 
since 1970 (DEFRA 2004). The 15 Headline Indicators are intended to raise public awareness of 
sustainable development, to focus public attention on what sustainable development means and to 
give a broad overview of progress.
39 See the work of Begg et al. (2001 d) which applies Environmental and Social Impact Assessments 
to study Joint Implementation projects.
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establish a clear method to assess CDM projects under this criterion. Robust and 
well-defined sustainability standards that could be applied in host countries are 
needed to deliver fair benefits at project level. However host countries could set low 
or simple standards to attract more CDM investment. This could create competition 
within host countries, which could lead to decreased carbon credit prices unless a 
special premium is paid for strong sustainable development projects such as the
ones recognised by the Gold S tandard^. Indeed, Asuka etal. (2004) estimate that 
a CDM project of better quality than most can achieve more than Euros 0.3 per 
CER premium for sustainable development beneftis.
Within this context, this EngD thesis reviews the main research that has been 
carried out to assess the sustainability of CDM projects in general and small-scale 
CDM projects in particular. Chapter IV analyses the existing approaches to assess 
sustainable development of CDM projects, including the Gold Standard. The aim of 
this analysis is to create sustainability indicators to assess small energy projects 
such as micro-hydro and solar systems in Peru. This assessment is also presented 
in Chapter IV.
5. Issues on small-scale CDM projects
The implementation of small-scale projects in developing countries presents 
numerous barriers at country level. For example, energy activities in poor countries 
have to overcome high capital costs, lack of finance mechanisms, lack of technical 
expertise and sound technologies, lack of appropriate legal systems among others 
(Martinot etal. (2000), Escobar etal. (1999) and Reid and Goldemberg (1999)).
The CDM concept can provide an opportunity to reduce these barriers of small 
activities in developing countries; e.g. by providing accessibility to financial 
mechanisms and by introducing new technologies. Several activities have been 
carried out to streamline small-scale CDM projects. However, transaction costs for 
these CDM cases still need to be reduced in order to attract more interest from 
investors. Transaction costs would be due to the lengthy project approval stage,
40 The Gold Standard is a non-profit organisation owned by 35 NGOs, that uses a methodology, of 
the same name, to assess the sustainable development criteria of renewable and energy efficiency 
CDM projects (Schulp 2005). The Gold Standard approach is analysed in Chapter IV Sustainability 
analysis, Section 3.4.
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upfront high costs for baseline development, CDM project proposal management, 
advice from external consultants, and designated operational entities. Studies have 
also shown that a typical CDM project needs to generate a minimum of US$ 100k 
through the sale of carbon credits to finance the starting costs to propose the 
project as eligible in the CDM framework. To this fixed cost, an annual cost of at 
least US$ 10k needs to be added for reporting, monitoring and verification. It is 
clear that such transaction costs penalise small-scale projects, which typically 
generate low reductions in relation to large projects. Small projects are particularly 
vulnerable to transaction costs. For example, Pricewaterhouse Coopers (2000) 
comments on the possible financial implications of the CDM project cycle, 
describing the proposed CDM process as one that encourages large projects and 
that small projects could be priced out of the market. EcoSecurities Ltd. (2000) also 
suggests that CDM transaction costs would be similar for large and small projects. 
Besides that Kartha et al. (2004) suggest that a 100 kW off-grid hydro project could 
face, transaction costs in excess of 500% of CER value for a baseline study cost, 
while for a 10 MW wind farm this would be only 9%.
As a result of the financial barriers for small projects, during COP-6.5 the Executive 
Board agreed to develop simplified procedures for small-scale CDM projects 
(UNFCCC 20001a). As mentioned above, in 2001 the details for the implementation 
of the CDM in general and for small projects in particular was established in the 
Marrakech Accordss, at COP-7. Such details include a simplified project cycle41 
(UNFCCC 2001b), a PDD and the methods for baseline quantification and 
monitoring (UNFCCC 2002b) for small CDM proposals42. These baseline and 
monitoring methods are based on a few studies developed by different 
organizations, such as academia, governmental agencies and consultancies. This 
section analyses some of the issues associated with small-scale CDM energy 
projects, particularly renewable. These matters are additionality, emission 
reductions, transaction costs and bundling.
41 The simplified project cycle for small CDM projects is based on the Marrakech Accordss Annex 4 
document available in October 2001 during COP-7.
42 In fact, version 1 of the simplified PDD for small-scale project or SSC-PDD was published on 
January 2003 under Appendix A to the simplified modalities and procedures for small-scale CDM 
activities. Furthermore, the last version, 3, of the Indicative simplified baseline and monitoring 
methodologies for selected small CDM project categories document is available since June 2004 
under Appendix B of the simplified modalities and procedures for small-scale CDM activities file. 
Appendix A and B are developed under Annex II to decision 21 of COP-8 in 2002.
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5.1. Additionality of small-scale CDM projects
Within the CDM framework, small projects can provide a way to learn about the 
CDM implementation process without compromising its environmental integrity. As 
the emission reductions from these projects are low, the associated environmental 
uncertainty will also be low.
Appendix B of the simplified modalities and procedures for small-scale CDM 
activities specifies how additionality is assessed43. These assessments are in the 
form of barrier tests for investment, technological and host country policies. The 
inclusion of further barriers facing the CDM activity is also possible. These barriers 
are the following (UNFCCC 2004c):
• Investment barrier -  a financially more viable alternative to the project would 
have led to higher emissions.
• Technological barrier - a less technologically advanced alternative to the 
project which involves lower risks due to the performance uncertainty or low 
market share of the new technology adopted and so would have led to 
higher emissions.
• Prevailing practice barrier - prevailing practice or existing regulatory or 
policy requirements would have led to implementation of a technology with 
higher emissions.
• Other barriers -  outside the CDM context for specific reasons identified, 
such as institutional barriers or limited information, managerial resources, 
organizational capacity, financial resources, or capacity to absorb new 
technologies, that would have led to higher emissions.
5.2. Emission reductions of small energy projects
The development of a single approach for calculating emission baselines; hence, 
emission reductions, of large or small-scale CDM projects is not possible. The 
range of climate mitigation projects in the energy sector is broad because of their 
scale, technology, fuel use and country context. Grid and off-grid electricity projects 
face the same problems on baseline determination. At the same time, it is
43 These barriers are requested in Attachment A to Appendix B of the simplified modalities and 
procedures for small-scale CDM activities (UNFCCC 2004c).
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necessary to consider a set of criteria for evaluating baselines. This is to ensure 
that the environmental additionality of CDM projects is in balance with transaction 
costs without ignoring the uncertainty of emission reductions. Kartha et al. (2004) 
and Annex 4 of Probase (2003) have suggested risk of over estimation, 
consistency, transparency, conservatism, practicality, simplicity, cost-effectiveness 
and certainty as possible criteria for baseline assessment. Further research on 
assessing standardized baselines under these criteria is needed. Chapter V 
analyses three available approaches to estimate emission reductions of small 
renewable projects; a) The UNFCCC simplified modalities and procedures for 
small-scale CDM renewable projects (UNFCCC 2004c)44 b) The Dutch Carbon 
Emission Reduction Unit Procurement Tender or CERUPT proposed baselines 
correlations for stand-alone systems such as solar panels and carbon emission 
factors for small diesel generators (CERUPT 2001, Ybema et al. 2000) c) Rural and 
urban baselines for small energy projects (Probase 2003, Begg et al. 2000 and 
Luhmann et al. 1997). Furthermore, Chapter V estimates emission reductions of 
solar and micro hydro projects applying these approaches.
Existing approaches for small projects are a very good starting point and should be 
considered and improved with hands on experience. It is important to note that 
simplifying baseline evaluation is only one task to promote small projects; the next 
step is to create investment to make possible the implementation of these projects. 
Small projects produce low emissions; thereby, they do not represent high risk for 
environmental integrity. However, they can support the sustainable development of 
poor countries.
5.3. Transaction costs
Undertaking a CDM project poses many risks (such as the complexity of the 
process itself, the nature of the host country, and costs of CERs) and significant 
transaction costs for the project developer. In the context of the Kyoto Mechanisms, 
transaction costs are caused by the administrative process, which depends on the
44 In 2002 the Executive Board decided to establish a Small Scale CDM Panel with the aim to 
recommend simplified modalities and procedures for small-scale CDM projects activities. The panel 
was operational from April to August 2002. In 2004, a Small Scale Working Panel was established to 
prepare recommendations on submitted proposals for new baseline and monitoring methodologies for 
CDM small-scale activities, this panel had its first meting in February 2005 and it consist of seven 
members (UNFCCC 2005f).
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institutional framework. Within the CDM project cycle the transaction cost occurred 
at every stage as Table 7 shows.
Table 7 Transaction costs components
CDM Step Component Description
Pre-Implementation Search costs Costs incurred by investors and host as they seek out 
partners for mutually advantageous projects
Negotiation costs Costs incurred in the preparation of the project design 
document, which also documents assignment and 
scheduling of benefits over the project period. It also 
includes public consultation with key stakeholders.
Baseline
determination costs
Development of a baseline (consultancy)
Approval costs Costs of authorization from host country
Validation costs Review and revision of project design document by 
operation entity
Review costs Costs of reviewing a validation document
Registration costs Registration by UNFCCC Executive Board
Implementation Monitoring costs- Costs to collect data
Verification costs Costs to hire an operational entity and to report to the 
UNFCCC Executive Board
Review costs Costs of reviewing a verification
Certification costs Issuance of CERs by the UNFCCC Executive Board
Enforcement costs Includes costs of administrative and legal measures 
incurred in the event of departure form the agreed 
transaction
Trading Transfer costs Brokerage costs
Registration costs Costs to hold an account in national registry
Source: Modified from Micheaiowa (2002), PriceWaterhouseCoopers (2000) and Dudek etal. (1996).
Under this market mechanisms, small projects are the most vulnerable as they are 
exposed to transaction costs which sometimes can be even higher than the 
proposed activity costs. Studies suggest that transaction costs for large projects 
can be as high as US$ 270k (Ellis et al. 2004). For small projects, even considering 
the simplified methods and procedure, the transaction costs are projected to be 
between US$ 23-78k (Gouvello et al. 2003) and US$ 110k (World Bank 2003), 
independent on the amount of CERs produced. On the other hand, Michaelowa et 
al. (2002 p25) have suggested that small projects would need to reduce at least 20 
ktC02/year considering a CER value of 10 Euros. This work is based on studies
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from PriceWaterhouseCoopers, PCF and the Swedish Activities Implemented 
Jointly experience that shows a correlation between project size and transaction 
costs, is summarised in Table 8. Michaelowa et al. (2002 p25) also explore the pilot 
phase of Activities Implemented Jointly data finding that transaction costs depend 
on the project categories. For example, the average transaction costs for 20 energy 
efficiency Activities Implemented Jointly projects is 20.5% of the total project costs 
and for 25 renewable energy Activities Implemented Jointly projects is 14.4%. In the 
case of the CDM, this relationship is subject to expertise on baseline development 
per technology and price of the technology, which in the case of renewable is 
decreasing as demand and productivity grows. Krey (2004 p98) has determined 
that transaction costs for small projects in India could be higher than US$ 95k (or 
US$ 0.47/tCO2) for projects that reduce more than 11 ktC02/year.
Table 8 Project size and transaction costs
Size Type Reduction
(tC02/year)
Transaction
costs
(US$/tC02)
Very
large
Large hydro, gas power plants, large CHP, 
geothermal, landfill/pipeline methane 
capture, cement plant efficiency, large-scale 
afforestation
> 200,000 0.1
Large Wind power, solar thermal, energy 
efficiency in large industry
20,000-200,000 1
Small Boiler conversion, DSM, small hydro 2,000- 20,000 10
Mini Energy efficiency in housing and SME, mini 
hydro
200 -  2,000 100
Micro PV <200 1000
It follows that a small project would need to generate a minimum of US$ 28-110k 
through the sale of CERs to finance the initial costs of applying for eligibility under 
the CDM. Such costs consist of submission fees, consultants and travel costs. To 
this fixed cost, an annual cost needs to be added for reporting, monitoring and 
verification. Depending on the market price of each CER, a small project would 
need to generate a minimum of 11000 CERs just to cover the initial costs. 
Transaction costs heavily penalise small projects, including clean technology 
programmes such as renewables. For example, a SHS of 50 W installed in a rural 
household for lighting with kerosene as baseline can reduce 0.12 tC02/year. Then if 
20 and 11 ktC02/year of reductions were needed to cope with transaction costs, a 
total of 166 and 92 thousand SHS would be needed to implement the scheme. The
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question here is: are the CER revenues incentive enough to deal with the difficulty 
of going through the CDM process if just implementing those projects in one 
country would be a challenge in itself, considering local organization, political and 
financial barriers.
As mentioned the simplified procedures for small projects may still be insufficient to 
attract large numbers of small renewable projects to the CDM market. Alternative 
measures for reducing transaction costs in general, and for small, renewable 
projects in particular, will need to consider to realize the full potential of the CDM. 
High transaction costs would dramatically reduce the number of financially 
sustainable CDM projects. Table 5 presents the steps in implementing a CDM 
project; in each step transaction costs occur. The host or investor approval and 
PDD are responsible for the greatest part of these costs.
Failure to tackle this barrier sufficiently for small projects may obstruct realizing the 
full potential of the CDM, as international investors will require a stable framework 
over a reasonable period in which to make their investment decisions. At the same 
time, foreign investors would prefer to generate a maximum amount of CERs;
hence, will prefer large projects. Under these circumstances, unilateral4^ CDM 
projects may be one CDM route (i.e. Jahn et al. 2004 p21, Begg etal. 2003, Factor 
Consulting 2001) for small activities to encourage development.
The current bureaucratic complications in the CDM project cycle from the PDD 
development to the verification steps have the potential to weigh down the CDM 
and discourage its use. The first CDM projects are important steps towards 
developing a realistic assessment of its potential. In order to promote small projects 
as means to reduce poverty in developing countries, transaction costs should be 
reduced. It is proposed that, to implement a sub-category of very small projects 
within small projects, registration fees should be reduced even more. It is believed 
that the current registration fee of US$ 5k is still too high for very small projects.
45 There are three investment models for the CDM: unilateral, bilateral and multilateral. An Unilateral 
CDM occurs when a host country invests in a CDM project by its own and sells the CERs earned 
(Tietenberg et al. 1999, p49). Bilateral CDM happens when either a company or a government from a 
donor country invests in a CDM project in a developing country. Multilateral CDM occurs when funds 
from companies and governments from donor countries are used to invest in a CDM project (Krey 
2005, p2387).
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The application of unilateral CDM process could as well support small projects 
while avoiding investor risks and keeping the CERs revenues by the host country 
(as discussed in Jahn et al. 2004 p19-22). The use of local consultants and 
operational entities to develop the Project Design Document and validate and verify 
respectively the CDM project can also reduce these costs. This study provides an 
analysis to the problems facing small-scale renewable projects within a Peruvian 
context. For example; it investigates streamline procedures to calculate emission 
reductions with the aim to minimize the need of extra consultancy help.
5.4. Bundling
Overall transaction costs of CDM projects can be minimised by bundling similar 
projects together. Indeed, within the simplified modalities and procedures for small- 
scale CDM projects, the Marrakech Accords (UNFCCC 2001b) suggest project 
bundling as a way to reduce transaction costs for small-scale CDM projects. A 
bundling organisation will take care of the bundling process by collecting projects 
and promoting the whole package to the investor. In addition to the possible 
reduction of transaction costs, bundling can also be beneficial in reducing project 
development costs such as engineering, procurement and construction costs; 
operational and maintenance costs; and in increasing the total investment volume. 
Furthermore Annex II to the simplified modalities and procedures for small-scale 
CDM projects also establishes five main simplification procedures (UNFCCC 
2003a) of which one concerns the bundling of small activities. Bundling can be 
carried out at every stage of the CDM cycle. The total size of the bundled activity 
should not exceed the limits of small-scale activities; in the case of energy projects 
the total capacity is less than 15 MW.
Project bundling has already been applied in the electricity markets of the UN and 
Europe (Gregerson et al. 2001) to allow distributed schemes to compete fairly with 
large generation plants in free energy markets. In relation to the small energy sector 
in India, the approach has also been used in bundling gasifier projects for rural 
electrification, known as DESI, Decentralised energy systems India (Factor 
Consulting 2001 p15).
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A study carried out in the West African region^ by IT Power (Green et al. 2002, pii) 
determined that bundling can help to improve the financial viability of projects under 
certain circumstances, such as if bundled projects share certain characteristics, if 
there is a high generation of CERs (>20 ktC02/year) or if the revenues from credits 
are significant (>10%). The report also suggests that baseline determination plays a 
crucial role for lowering transaction costs of bundled projects. Thereby, simple 
baselines for project types are required. This matter of bundling and baseline is also 
discussed in Chapter V and VII in more detail. Local institutional capacity is found 
as a factor affecting the success of bundling projects, as delays on passing through 
the project cycles occur. In African countries, climate change offices are not as well 
developed as they are in Latin American nations with 6 and 19 Designated 
Operation Entities established respectively (Point Carbon 2004 p1).
At the same time, Udit (2002) has developed a bundling scenario for five small 
hydro projects in India, assuming the same project developer and area, similar 
technology use and operation by the same business sector. The results of this work 
suggest that by bundling the five energy projects the IRR is increased by about 1% 
in comparison to non-bundled projects. Furthermore, this study states that probing 
financial additionality of these bundled projects is extremely difficult, as at the 
moment the investment climate is growing in India. Indeed, the IRR for each project 
ranged from 11-18%. The author also recognises that the criteria of a 15 MW limit 
for small renewable projects is too high for the growth of this small sector in the 
country. As a result, a creation of a sub-category for very small projects has been 
proposed (Udit 2002; Begg et al. 2003); this susb-category can create investors’ 
interests on projects in rural areas such as off-grid energy plants.
Factor Consulting (2001) also reports on a study carried out on different projects; 
biomass, renewable, energy efficiency and forestry; in India. The results show that 
if 13 groups are bundled, only 4 qualified under the investor criteria (>15% of IRR 
and 5 CERs per 1000US$ of investment). Each group consists of 10 biomass 
projects. However, if 13 groups of 100 each are bundled, 5 enter under the 
investment area, which suggests that it is better to bundle larger number of
46 Specifically in Burkino Faso, Guinea, Mali, Niger and Senegal.
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projects. This study does not consider the financial additionality criterion but it 
provides an insight into the bundling learning process.
To date there are no clear rules for making bundling operational. However, the 
studies carried out so far suggest that bundling should take place on similar 
projects and conditions, such as project type and location. Considerations regarding 
the organisational state of the host country need to be addressed or, for example, 
West African countries would be in disadvantage as it is where there are the lower 
number of Designated National Authorities47; hence, national institutional capacity 
for the CDM is poorer than in other areas such as Latin America. Financial 
additionality criteria should not be taken into account for small projects as they can 
place another barrier to encourage them. Chapter VII Cajamarcan energy projects 
as CDM provides a practical insight into bundling small renewable projects in Peru.
6. Objectives and structure of the EngD thesis
This research study focuses on assessing micro-hydro and solar projects at rural 
household level in Peru under the CDM framework. They are included in the small- 
scale renewable energy projects. The aim is to analyse these projects with an 
integrating approach of the CDM process and to discover the conditions for success 
of similar projects in rural areas. The work examines the opportunities for small 
energy projects as potential CDM activities, integrating an in-depth and detailed 
analysis of operational micro-hydro and solar technologies in rural Peru. There are 
four main objectives of this work:
e To assess the sustainable development benefits of micro-hydro and solar 
projects in Cajamarca, Peru; including environmental, social, economic, 
capacity building, technology transfer and long-term aspects of those 
systems.
• To establish the GHG emissions reductions of the Cajamarcan projects, 
recommending an appropriate way of calculating those emissions.
47 By |\/iarch 2005, a total of 71 Designated National Authorities are listed in the CDM website from 
which only 5 shown to be from Western African countries while 20 are from Latin American nations 
(UNFCCC 2005c).
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• To explore the financial implications of the Cajamarcan projects, considering 
the user, investor and developer perspectives.
• To recommend procedures for how small energy CDM activities can be 
evaluated from the host country and donor perspectives.
This thesis contains a set of interdisciplinary studies dealing with the main aspects 
of small-scale CDM projects. It comprises detailed analysis on the sustainability, 
GHG emission reductions and finance of selected micro-hydro and solar projects 
from rural Cajamarca in Peru. It incorporates these findings to propose an 
integrated assessment for small-scale CDM projects; providing a valuable outcome 
to make rational business and policy decisions.
The thesis is organised in seven chapters. Chapter II briefly presents the research 
objectives and their areas of study and discusses how the EngD project was carried 
out. It motivates the use of social research methods as powerful tools to gather data 
from main stakeholders at project level. The following chapter, Chapter III 48 
provides the context to Peru with a focus on its energy policies, specifically related 
to rural electrification. It also introduces the seven micro-hydro, one solar and one
status quo projects analysed in this thesis. Chapter IV 49 compares the sustainable 
development approaches available for CDM projects and proposes a new approach 
to be used to assess the sustainability criteria of small-scale CDM energy
projects in rural areas. Chapter V 50 addresses the methodological challenges to 
quantify GHG emission reductions for small-scale CDM activities using real 
project data and proposes a simplified approach to estimate these reductions and 
to monitor these emissions. This approach is focused in Peru but can also be
48 Part of this chapter is presented as a collaborating paper which compares the CDM institutions in 
Peru and Pakistan at the Institutions for Sustainable Development in the Face of Global Environmental 
Change Conference held in October 2006 in Indonesia.
49 A case study from this chapter was presented at the 13th International Conference of Women 
Engineers and Scientists in August 2005 in Seoul, South Korea. In addition, the method proposed in 
this chapter is being used as a trial tool within the Peruvian Designated National Authority.
5° The initial findings of this chapter were presented at the Young Climate Change Scientists 
Conference, in Trieste, Italy in December 2003. A paper was also published in the Proceedings of the 
EngD in Environmental Technology Conference in July 2003.
Besides, a paper with the final results were presented at the RI05 World Climate and Energy 
Conference, held in Rio de Janeiro, Brazil in February 2005.
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applied for other developing countries. Chapter VI 51 carries out a life cycle cost 
study of the selected projects with the point of view of the users and developers or 
investors. Chapters IV, V and VI are independent pieces of work and can be read 
separately. They contain an introduction that motivates the issues under 
investigation and relates them to the literature. Following these chapters, Chapter
VII 52 assesses the small Cajamarcan projects as CDM activities and proposes a 
way to bundle these projects. Finally, Chapter VIII integrates the findings, 
summarises the final recommendations and the outcomes of this research.
51 A paper discussing the application of life cycle costing of rural energy services in Peru was 
accepted at the HIDROENERGIA Biennal Conference 2006, held in Scotland.
52 The findings of this chapter were presented as a paper in the Climate or Development Conference, 
organised by the Hamburg Institute of International Economics, in October 2005. Then, a full version 
of the paper was submitted to the Journal of Climatic Change.
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7. Appendix I Approved CDM methodologies
Methodologies Title 
(including baseline and monitoring methodologies)
Country Size Scope
Incineration of MFC 23 Waste Streams
GHG emission reductions through landfill gas capture and flaring
Simplified financial analysis for landfill gas capture projects
Grid-connected biomass power generation that avoids 
uncontrolled burning of biomass
Small grid-connected zero-emissions renewable electricity 
generation
GHG emission reductions from manure management systems
Analysis of the least-cost fuel option for seasonally-operating
Industrial fuel switching from coal and petroleum fuels to natural 
gas without extension of capacity and lifetime of the facility 
Recovery and utilization of gas from oil wells that would 
otherwise be flared 
Landfill gas capture and electricity generation projects where 
landfill gas capture is not mandated by law 
Landfill gas recovery with electricity generation and no capture or 
destruction of methane in the baseline scenario 
Biomethanation of municipal solid waste, using compliance with 
MSW rules
Forced methane extraction from organic waste-water treatment 
plants for grid-connected electricity supply
Natural gas-based package cogeneration
Bagasse-based cogeneration connected to an electricity grid 
GHG mitigation from improved animal waste management 
systems in confined animal feeding operations 
Steam system efficiency improvements by replacing steam traps 
and returning condensate
Steam optimization systems
Renewable activities replacing electricity production of a fired 
power plant that stands alone or supplies electricity to a grid
Baseline methodology for water pumping efficiency 
improvements
Baseline methodology for decomposition of N2O from existing 
adipic acid production plants_____________________________
South Korea 
Brazil 
Brazil 
Thailand
Mexico
Chile
India 
Chile
Vietnam
South Africa
Brazil
India
Malaysia
Chile
Brazil
Brazil
China
India
Papua New 
Guinea
India
South Korea
1.4 MtCC^e/year 
14.5 MtCOze/year 
0.56 MtCC^e/year 
20 MW (-133 
MWh/year)@ 0.55 
tCOze/MWh
70 k tC02e/year (30 
MW)
-26 ktC02e/year
0.6 MtC02e/year
19.4 ktC02/year
0.67 MtC02e/year 
<15 MW 
70 ktC02e/year 
5.6 MW
55 ktC02e/year 
(<1.5 MW)
116 ktC02e, 10 y 
(3 Mwe)
714 ktC02, 7 years 
52 ktC02e, 10 
years
827 ktC02e, 10 
years
245 ktC02e, 10 
years
299 ktC02e/year,
10 years
211ktC02e, 10
years
10.5-11.7
MtCQ2e/year_____
11
13
13
1
13 and 15 
1 and 4
4
10
1 and 13
13
13
13
1 and 4 
1
13 and 15 
3 
3
Source UNFCCC (2005, 03/05)
Refer to Table 2 for the Scope of the proposed methodology, this is based on the categorization given by the CDM 
Executive Board for CDM activities.
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1. Introduction
The aim of this chapter is to explain how this EngD project was carried out. Firstly, it 
presents the objectives of the research and areas of study. Then, it explains the 
main approaches applied, which include the literature review, collection of data, 
methods and data analysis.
2. Objectives, research questions and areas of study
This research examines the opportunities for small energy projects as potential 
CDM activities by analysing in-depth operational micro-hydro and solar 
technologies in rural Peru. There are four explicit objectives of this work:
I. To assess the sustainable development benefits of micro-hydro and solar
projects in rural Cajamarca.
II. To establish the GHG emission reductions of the Cajamarcan projects in
order to propose an appropriate way of calculating those emissions.
III. To assess the financial feasibility of the Cajamarcan projects independently
and within the CDM context from the point of view of the users, investors 
and developers.
IV. To propose procedures on how small energy CDM activities can participate
in the Carbon market within the host and donor countries perspectives.
These objectives convert into four specific areas of study: sustainable development, 
GHG emission reductions, finance and CDM analysis; the first three are studied 
independently of each other and their findings are integrated with the last area, 
which develops an integrated CDM analysis of the Cajamarcan energy projects.
2.1 Area I: Sustainable development analysis
This analysis includes six aspects; environmental, social, economic, long- term 
feasibility, capacity building and technology transferred. There are four main 
questions addressed to assess the sustainable development benefits of micro- 
hydro and solar technologies:
i) Are the energy technologies improving the environmental, social and 
economic conditions of life in rural communities?
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ii) What is the necessary capacity building to implement these 
technologies?
iii) What are the long-term expectations from these technologies?
iv) How is sustainable development assessed under the CDM?
2.2 Area II: GHG analysis
This analysis aims to quantify baseline and project emissions. There are three 
principal questions to analyse the climate benefits or GHG emission reductions 
from introducing micro-hydro and solar technologies in Cajamarca:
i) What are the baseline and project emissions? What are the C02
emission reductions due to applying micro-hydro and solar technologies 
in rural areas?
ii) Which are the key parameters to determine the C02 emission reductions 
from small energy projects?
iii) What is the best way of calculating C02 emission reductions for these 
project types?
2.3 Area III: Finance analysis
This area quantifies the life cycle costs of the baseline and project energy sources. 
There are two main questions to analyse the financial implications of small energy 
projects in Cajamarca:
i) Are the energy systems more cost effective than the previous source of 
energy?
ii) What are the key variables for the financial success of these types of 
projects?
2.4 Area IV: CDM analysis of Cajamarcan projects
There are four questions to evaluate small Cajamarcan energy projects under the 
CDM:
i) Are the Cajamarcan energy projects additional under the environmental, 
financial, investment and policy criteria?
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ii) Are the energy projects supporting the sustainable development of rural 
Cajamarca?
iii) Are small energy projects feasible under the CDM?
iv) How can small projects be promoted under the CDM?
Chapter IV Sustainability analysis, Chapter V GHG analysis, Chapter VI Financial 
analysis and Chapter VII Cajamarcan energy projects as CDM refer to each area of 
study.
3. General approach
This section discusses how the objectives of this EngD are achieved. The general 
approach of this research is developed in three main stages: a) Firstly, by reviewing 
the appropriate literature and by collecting information from operational energy 
plants in rural Cajamarca. b) Secondly, by assessing the three main areas of study 
-sustainable development, climate and finance- for each project, c) Finally, by 
integrating the previous findings and by analysing the potential of the selected 
technologies as CDM activities in Peru. Figure 1 outlines the main approach:
Figure 1 EngD research approach
Sustainable
development
Literature review GHG
emission
reductions
Integrated 
CDM analysis
Collection of 
Information 
From energy 
projects
Finance
analysis
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3.1 Literature review
The literature reviewed includes the basis of the climate change policies, 
specifically the CDM concept, development and process. Special attention was put 
on studying the methods available to assess sustainable development, to quantify 
emission reductions and to assess the financial feasibility of small renewable 
projects. Specifically, research based on the CDM and small scale projects, 
renewable technology and the Peruvian electiricty framework were also reviewed. 
Based on the literature available it was possible to establish the research process 
and approaches to be applied in each of the four areas of analysis.
The intensive literature review covered nearly 300 studies on the economic, political 
and methodological aspects of how the CDM works, of its sustainable development 
and environmental or GHG emission reductions criteria, and of project and carbon 
finance. Methodologically this review is based on selected studies from the 
analytical literature on the CDM; it includes text books, peer review articles and 
reports from the grey literature. It was possible by accessing different university and 
institutional libraries (such as University of Surrey, Liverpool University, De 
Montfort University, MET office, Shell Research Ltd., Catholic University of Lima 
and University of Trujillo). Electronic journals (via Science Direct and Athens) and 
electronic reports were accessed via Google or relevant institutions internet pages. 
The literature was accessed, reviewed and updated within the EngD research 
period; September 2000-September 2004. Within this period there were four main 
stages of literature review that correspond to the areas of study, these were of three 
to six months each.
3.2 Collecting data
The collection of data from the energy plants was carried out during two field trips, 
in December 2001 and July 2002\  and by using email and telephone 
communitications. This section describes the project selection and the identification 
of stakeholders.
1 For details on these field trips refer to the 3rd and 4th Six Month Reports in Volume II.
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3.2.1 Project selection
The first field trip to Peru clarified who were the main players on small renewables 
in the country, which types of projects to assess and where they were located. 
Firstly, collaboration was required from energy project developers in the country; 
Intermediate Technology Development Group (ITDG) was identified as the major 
developer in Peru. Its main expertise centred in micro-hydro projects and lately in 
solar technology. Since the early 1980s to date, it has implemented more than 20 
micro-hydro and 1 photovoltaic projects. These are distributed in rural locations of 
the three main regions of the country -Coastal, Andean and Amazon.
After a preliminary analysis of the Peruvian projects and discussions with the 
developers and Supervisors, it was decided to select for analysis eight projects 
developed by ITDG in the Andean region of Cajamarca, see Table 1 and Figure 2. 
The selection is based on three reasons: a) the region has the highest number of 
energy projects in Peru -14 out of 22- this makes it appropriate for sampling; Peru is 
a big country and as such the way of living differs tremendously in each region. For 
example, people from the Amazon burn woodchips for lighting while Andeans use 
kerosene. Hence, the logic here was to focus on the detail of the Andean area in 
particular, b) The different range of energy plants in terms of capacity, electricity 
use and type of ownership, c) Finally, the institutional capacity available, as one 
ITDG office is located in Cajamarca city and this facilitated access to project 
information and to community contacts.
Table 1 Selected projects in Cajamarca
Community Capacity
(kW)
Year of 
operation
Households * 
Past (Present)
Energy use Ownership
Trinidad-MHP 4 1997 20 (22) Domestic Private
Chalân-MHP 25 1995 85 (94) Public
Chugur-MHP 75 1997 109 (115) Public
Conchân-MHP 80 1995 104 (160) Public
Yumahual-MHP 11 1997 1 (D Industrial Private
El Tinte-MHP 14 1996 1 (D Co-operative
Atahualpa l-MHP 35 1992 35 (35) Industrial and 
domestic
Atahualpa ll-SHS 55 Wp 2002 50 (50) Domestic
Ahijadero Status quo 116 - -
(*) These figures show the number of household supplied with electricity at the starting of the project 
(as past) and currently (as present).
The projects selected were the Trinidad, Chalan, Chugur, Conchan, El Tinte, 
Yumahual and Atahualpa I micro-hydro plants and Atahualpa II solar home 
systems. They are called as their village name and are located in five out of 13
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provinces of the region. Their locations are remote and without access to national 
grid electricity. To find out how rural places live without electricity access a ninth 
community, Ahijadero was selected as a status quo project. Chapter III introduces 
each village in Cajamarca and presents an intercomparison between them.
Figure 2 Location of projects in Cajamarca
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The reason of including one case study of solar technology is due to the fact of data 
availability as this project is also located in the same region of the other eight 
projects. In fact, the 50 solar home systems are installed in the Atahualpa 
community where other two micro-hydro projects are also located. The study of this 
project was taken as an opportunity to assess a solar case study as there is 
minimum research studies carried out so far about solar technology performance in 
Peru.
It is important to clarify that the findings from this solar case assessment should not 
be used as representative for Peru because this case shows the analysis of only 50 
solar home systems in only one location of the country. The findings provide an 
indication of how a similar project implemented in the same conditions -such as
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rural settings, household income, investment sources, etc. -can perform. 
Furthermore, the findings from this solar project are not being used to compare 
solar and micro-hydro technology in Peru.
3.2.2 Identification of main stakeholders
Stakeholders are defined (Grimble et al. 1995, p115) as 'those who affect, and/or 
are affected by, the policies, decisions and actions of the system or project; they 
can be individuals, communities, socials groups or institutions'. The term thus 
includes policy makers, planners, administrators, developers in public and private 
organizations, as well as commercial and user groups.
In this reseach the identifiction of the main stakeholders of each energy project was 
believed to be necessary in order to involve the main actors in the development, 
implementation and use of the projects. This identification also allows establishing 
the most appropriate method for data gathering. The principle stakeholders were 
identified by discussing with knowlegable individuals of the communities and of the 
Peruvian energy country context. Six main stakeholders were identified for this 
study -users, economic, societal, owners, policy actors and developers. These 
actors were categorised into four main groups, as Table 2 shows. The institutions 
that these actors belong to and the method applied for data gathering are also 
presented. See also Figure 3. Appendix I provides a list of stakeholders and 
organisations that were contacted for each group.
Table 2 Stakeholders of energy projects
Group Actors Institutions Method
1 Community
Users Local community Door-to-door
surveys
Economic
entities
Industrial, commercial, public utility and 
financial enterprises (public and private)
Focus groups
Societal
NGOs; regional leaders (councils), 
women and young-people groups; 
religious, health and educational 
institutions
Policy (local) Local government
2 Owners Owners Local government, private owners and 
Co-operatives
Structured 
interview and
Desk study
3 National 
policy actors
Policy Regional and National government
4 Developers Developers ITDG-Peru: Project Managers, 
Development Engineers, Social 
Workers, etc.
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3.3 Methods applied
Door-to-door surveys were developed for the users of the energy plants; focus 
groups were carried out for the economic, societal and policy actors and the 
owners; structured interviews were applied for the policy actors at regional and 
national level; and for the developers. Desk studies were also carried out before, 
during and after a field trip in order to obtain historical information on the energy 
projects The approaches were used during a second field trip, in the summer 2002, 
when each of nine villages in Cajamarca were visited during a 12 week period.
3.3.1 Door-to-door survey
Door-to-door surveys are a type of interview applied for quantitative research. They 
allow personal communication from individuals with researchers through a 
questionnaire (Joppe 2004). One of the advantages that this type of survey gives is 
the opportunity for immediate feedback to the respondent. Door-to-door surveys 
also permit persuading the respondent to participate. They make easier clarify 
instruction or questions, probing answers and recording obvious observations such 
as gender or age group. However, door-to-door surveys provide significant scope 
for interviewer error or bias (Burningham 2000). This may be due to the tone of 
voice, the way a question is rephrased when clarified, even the gender and 
appearance of the interviewer or respondents’ hesitation to talk to strangers.
Figure 3 Main stakeholders and methods applied
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With those main points in mind door-to-door interviews were used to quantify GHG 
emission reductions and to assess the financial implications of the energy plants 
in Cajamarca. The interviews were selected because it was necessary to obtain 
quantitative data before and after the projects’ installation to carry out the final 
analysis. They assisted gathering information on user’s energy use and expenses. 
The users are part of group 1 of the projects’ stakeholders, Table 2. The unit of 
assessment for these studies is at household and project level. It focuses on the 
household level because it permits direct appreciation of how families experience 
the changes with the new energy source. The interviews were directed to the 
households using electricity because the aim is to know the differences before and 
after the introduction of the new technologies. The study at project level allows to 
compare the differences in fuel and energy consumption within projects. Hence, it 
also provides information on emission reductions and costs across projects.
3.3.1.1 Questionnaire for the door-door survey
A detailed questionnaire was developed which asks for figures on variables such as 
the amount of fuel/electricity use, to quantify emission reductions; see Appendix V 
for the questionnaire. It also covers the required data for assessing costs 
(household income, energy expenditure and investment costs). This is based on a 
review of the methods to quantify emission reductions and to carry out financial 
analysis. Previous related work on CDM baseline accounting was also used. These 
work include Begg etal. (2000), Ybema et al. (2000) and CERUPT (20001).
The questionnaire was structured in two sections; the first relates to data at present 
and the later focuses on the past or before the introduction of the new technology. 
Each part asks questions on electricity expenditure, amount of electricity use, 
quantity and costs of other fuel use, types of electric appliances or equipment and 
number of bulbs for lighting and household income. The information allowed 
quantifying emissions before initiating the new plant, the baseline case, and after 
the project case, hence, to establish the total emission reductions for each energy 
project. It also contributed to find out if the new electricity technology is a cheaper 
option than the typical fuel used.
Door-to-door interviews were carried out in eight communities; Atahualpa I SHS 
and Trinidad, Yumahual, El Tinte, Chalan, Atahualpa I, Chugur and Conchan MHP 
plants. Furthermore, Ahijadero (the status quo community) was also visited to
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acquire baseline2 energy data. The total number of households in each community 
range from 1 to 160. A total of 75 households were visited, they represent 13% of 
the total number of households, see Table 3. Gender equality was always kept in 
mind during the house visits and housewifes were persuaded to participate. In fact, 
there is only one village, Trinidad, with a very low percentage of female 
respondents (17%); in the other communities this rate is distributed between 30 to 
60%. It is important to note that Yumahual and El Tinte MHP plants use the power 
in small production facilities; therefore energy and financial data of the facilities 
were obtained from the owners. The data collected was validated using the 
feasibility study of each energy project, see Section 3.3.4. and Apendix II. These 
studies were carried out before the system implementation; hence, baseline data 
for emissions and costs were checked.
Table 3 Sampling for door-to-door surveys
Community No Sample, % of total No Gender (*)
households No households households participation, %
Trinidad-MHP 22 6 27 M:83%, F:17%
Chalân-MHP 94 10 11 M:70%, F:30%
Chugur-MHP 115 20 17 M:40%, F:60%
Conchân-MHP 160 12 8 M:42%, F:58%
Yumahual-MHP 1 1 100 -
El Tinte-MHP 1 1 100 -
Atahualpa l-MHP 35 8 23 M:52%, F:48%
Atahualpa ll-SHS 50 6 12 M:50%, F:50%
Ahijadero-Status quo 110 11 10 M:45%, F:55%
TOTAL 588 75 13
(*) M for Male and F for Female
3.3.2 Focus groups
Focus group research involves organised discussion with selected people. The aim 
of this method is to obtain collective information about individuals’ views and 
experiences of a topic. The benefits of focus groups include gaining insights into 
people’s understandings of everyday life (Gibbs 1999, p2). The production of data 
and insights would be less accessible without the interaction found in a group. They 
also allow accessing information effectively as one session entails a discussion with 
up to ten people (Cronin 2001, p170). Focus groups provide participants 
opportunity to be valued as experts and to be involved in decision-making process
2 Baseline data permits to monitor change after an intervention Hulme (2003); for example, Ahijadero 
community allows finding out how was life for the villagers in the other communities before the 
introduction of the new energy systems.
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and research. These activities can be empowering for many individuals. The 
problem of a focus group arises in differentiating the individual and group views and 
in obtaining a representative sample for study. The group session may discourage 
certain people from participating (Gibbs 1999, p3); for example, those who are not 
very articulate and those who are not willing to share their views in public.
3.3.2.1 Questionnaire for focus groups
Focus groups were selected to analyse sustainable development in the 
Cajamarcan communities because it allows understanding rural peoples’ 
experiences about the introduction of the new energy technology3. The objective 
was to focus on the community as a unit of reference because it is considered that 
the changes introduced by the new technologies are experienced directly by the 
people. In this way, rural people are positioned as the centre of the sustainable 
development assessment. The aim was to gather deep, qualitative data from the 
main stakeholders of the project. Figure 3 illustrates that the users, the societal, 
economic and policy actors of the community represent the focus of this study area.
The idea was to find out how the new technology input has changed community life, 
how the technology was implemented, the benefits of having electricity and the 
future of the technologies. A questionnaire, in Appendix III, was developed to direct 
the focus group, covering six aspects of sustainable development (social, 
economic, environmental, long-term, capacity building and technology transfer). 
See Figure 4 for an overview of the assessment. This questionnaire was developed 
following the guidelines of the Marrakech Accords (UNFCCC 2001b) on stakeholder 
participation and host country approval for CDM projects. It is also based on 
previous work studying sustainable development delivery within the CDM (Begg et 
al. 2000 and Thorne et al. 2002). The following explains the six aspects of the 
sustainable development assessment:
i) The social aspect explores the changes and benefits introduced by the energy 
technologies. This aspect is divided into five categories (services and activities, 
quality of life, education, health and integration) to focus the group discussion. 
The first category asks what are the services and activities being replaced or 
added. The second refers to the changes of villager’s life style as a result of the
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new technology. The education and health categories cover the changes that 
occurred in those areas. The final category examines the villagers’ perspectives 
on their integration into the community, country and the world because of the 
energy technologies.
ii) The economic aspect discusses two categories: the energy expenses including 
affordability and the employment and business generation. Here the focus 
group supports the validation of data obtained from the surveys and feasibility 
studies.
iii) The environmental aspect covers air, noise, water and land topics. It is 
important to highlight that it is focused on what are the peoples’ views on the 
changes to their environment and not on their knowledge.
iv) The long-term aspect assesses the future expectations of the villagers 
regarding the energy plants and what they think can be possible.
v) The technology transfer aspect discusses self-reliance on the technology by 
analysing the local availability of spare parts and technical expertise. See Box 1.
vi) The capacity building aspect investigates how the energy plants were 
implemented and what human and institutional capacities were built locally. 
These are covered in two categories: decision-making process and training and 
awareness. See Box 1.
One focus group was used in each of six communities: Trinidad, Chalân, Atahualpa 
I, Chugur, Chugur, Conchan and Atahualpa II. See Table 1. Focus groups were not 
organised in the other communities because: Yumahual and El Tinte are small 
production facilities with no community stakeholders. Also, El Tinte is located in 
Atahualpa cooperative where Atahualpa I & II energy systems are installed. 
Ahijadero does not have an energy plant; hence it was not possible to carry out the 
sustainable development assessment.
Key representatives were invited to attend the focus groups in each community. 
They comprised the head of the local government, a representative of the local 
school, the health service, the church, the local NGO, the local enterprises and a
3 A Master thesis which studied social behaviour and solar technologies in the Southern Andes of Peru 
was refered to understand how to approach rural individuals, see Balvin (1999).
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representative of the users. Table 4 shows the number of participants per project 
and the percentage of gender participation; these participants belong to Group 1 of 
the stakeholders, see Table 2; Appendix I lists the participants’ names and their 
intitutions.
Figure 4 Sustainable development aspects of small energy plants
Sustainable development
Social assessment Economic Environmental
Services and assessment assessment
activities Energy expenses Water and land impact
Quality of life Employment and Air impact
Education businesses generation Noise impact
Health
Integration
Long-term assessment
Future expectations
Technology
transfer
assessment
Self-reliance
Capacity building 
assessment
Local involvement 
Training and awareness
Table 4 Focus groups in Cajamarca
Community No Participants Gender participation, % (*)
Trinidad-MHP 9 M:67%, F:33%
Chalân-MHP 14 M:64%, F:36%
Chugur-MHP 11 M:61%, F:49%
Conchân-MHP 6 M:67%, F:33%
Yumahual-MHP (***) -
El Tinte-MHP (**) 
Atahualpa l-MHP 
Atahualpa ll-SHS
13 M:54%, F:46%
Ahijadero-Status quo (***) -
(*) M for Male and F for Female
(**) These three projects are put together because they are located in the same land and are owned 
by the Co-operative Atahualpa.
(***) In these communities focus groups were not carried out.
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Box 1 Difference between technology transfer and capacity building
There is surprisingly little consensus on what technology transfer comprises. The literature shows a 
broad array of definitions (Kline et al. 2003). Here, it is used the definition according to the IPCC 
(2000): "A broad set of processes covering the flows of know-how, experience and equipment for 
mitigating and adapting to climate change..."
Given this definition, in the context of this assessment -at project and community levels-, a technology 
transfer criterion was identified to assess the projects studied. This assessment focuses on the 
effectiveness of the technology transfer and whether the local community is involved in the technology 
with technical training. For this, the indicator to evaluate this criterion is self- reliance, which assesses 
wheather or not plant managers are able to obtain locally spare parts and wheather local technical 
expertise exists.
On the other hand, the term capacity building has many different meanings and interpretations 
depending on who uses it and in what context. Capacity building as a concept is closely related to 
education, training and human resource development. This conventional concept has changed over 
recent years towards a broader and more holistic view, covering both institutional and country base 
initiatives (Enemark 2003). Within the scope of this assessment the concept used for capacity building 
comes from the Urban Capacity Building Network (2005).
Using this definition, two indicators were identified to assess the level of capacity building obtained 
during and after the implementation of the energy plants in the communities. These two indicators are 
involvement and training. The first assesses the level of involvement of the local communities during 
the implementation of the energy plants. It explores the type of information provided on the new 
technology and its process of implementation to the community -including women and children. This 
can be assessed by asking 'was the community involved in the process of implementing the energy 
plant?'. The second indicator, training, assesses the type and quality of training provided on the use of 
the technology. It is important to remember that these communities were not using electricity sources 
before; therefore, the simple action of switching on and off appliances is new for them. This can be 
assessed by asking 'was the community educated on electricity usage and how the new technology 
works?'.
The difference between these two criteria in this sustainability assessment is that technology transfer 
criterion assesses if the community can be able to cope with technical problems of the energy plant 
without having to depend on non-local support. On the other hand, the capacity building criterion 
assesses if the community was involved during the process of implementing the energy project - 
involvement indicator- and if the community was trained on energy matters and technology use - 
training-.
The discussion attempted to be as simple as possible, using open questions and 
allowing people to talk about their views and experiences. It followed the framework 
of the sustainable development aspects explained above. It took about two to three
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days to organise each focus group. People were very helpful and willing to take part 
in all the focus groups. Before the event, personal invitations were made to possible 
participants, who were selected following Cronin (2001, p170) and Burningham et 
al. 2001, p187)suggestion on how to select focus group participants and with advice 
from the developers and the main contact in each community. The developers have 
a great knowledge of the communities as they spent 1-2 years implementing each 
energy project. The participants range from 6 to 14 people, Table 4. Each focus 
group discussion took about 2-3 hours. Female participation was higher than 30%, 
which was due to the fact that Peruvian rural women lack of confidence to talk in 
public and express their views, as most of them are illiterate. Each village visit took 
3-5 days, I coordinated and moderated the focus groups and received support from 
my host in each community; people were willing to participate and showed great 
interest. Tape recorder, photos, flip charts, pen and papers were utilised during the 
discussions.
Figure 5 Focus group in Chalan village
3.3.3 Structured interviews
Face-to-face interviews use direct communication and allow collection of 
quantitative and qualitative data. Three interviews were prepared each for group 
2, 3 and 4 (owners, national policy actors and developers respectively) of the eight 
energy plants. No interviews were carried out in Ahijadero, as this village does not 
have new energy technology.
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The eight projects present three main types of ownership; local authority, co­
operative and private; Table 1. Local authorities own three MHP projects: Chalan, 
Chugur and Conchan. One co-operative owns two MHP and one solar project: El 
Tinte, Atahualpa I and Atahualpa II. Finally there are two private owners of Trinidad 
and Yumahual MHP plants. Sustainable development, GHG emissions and 
Financial analysis data were gathered from the group of owners; Appendix I lists 
the onwers of each project. The economic benefits, the capacity built and the long­
term expectations were discussed under the sustainable development area; the 
discussion considers each investor perspective. Quantitative data on baseline and 
project emissions were obtained for the production facilities projects (El Tinte, 
Yumahual and Atahualpa I MHP plants). Information on the projects’ financing such 
as capital investment loans and grants was also acquired.
Structured interviews with representatives of the climate change area of the 
Peruvian Environmental Council or CONAM, National Environmental Fund or 
FONAM and the Ministry of Energy and Mines were also performed. These were 
carried out with the intention to assess current rural energy policies and activities in 
Peru. The second aim was to find out the criteria of assessing the sustainable 
development benefits of CDM projects in rural areas.
Structured interviews were also used with the developers, ITGD-Peru employees. 
The technical manager, the social and finance employees were approached. Most 
of them were involved in all of the projects’ implementation. A list of questions 
addressing how the energy projects were implemented was asked. The objective 
was to discover their method of implementation, the main barriers and how was the 
capacity building established. This criteria is needed to assess sustainable 
development Financial6ata was also requested in these interviews; Appendix III, 
IV and V contain the sections for each structured interview.
The data obtained from these interviews were also helpful for validating the 
information collected from the focus groups and from the feasibility study of each 
project.
3.3.4 Desk study
During the first field trip, in December 2001, general project data was obtained from 
Lima and Cajamarca ITDG offices. The information collected was brought to the UK
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where a detail desk analysis was carried out to decide which and where were the 
projects to investigate further. Then, during the second trip, summer 2002, the 
projects’ history of each plant were also available from ITDG offices in the form of 
pre-feasibility and feasibility reports. A total of 19 documents were reviewed. This 
also allowed validation of the information gathered via the interviews, surveys and 
focus groups; Appendix II lists these reports.
3.4 Data analysis
As stated above the CDM analysis of small energy projects is based on the study of 
three areas: sustainable development, GHG emission reductions and finance. This 
analysis is possible by assessing the advantages and disadvantages that energy 
technologies bring to rural communities, by quantifying the amount of GHG 
reductions as a result of implementing the projects and by analysing their financial 
characteristics. An integrated analysis of the main findings is presented in Chapter 
VII, Cajamarcan energy projects as CDM. The following provides an overview of the 
sources used for the analysis in three main areas of study, which are discussed in 
detail in each corresponding chapter.
3.4.1 Sustainability analysis
The concept of sustainable development within the CDM framework was the initial 
part of the analysis. The main approaches for assessment of CDM projects were 
reviewed, analysed and discussed. For example: MEND (Troni et al. 1997), SSN 
(Thorne et al. 2002), CDM-SUSAC (Thomas 2003 and CDM-SUSAC 1999), Gold 
standard (Kenber et al. 2003), MATA-CDM (Sutter 2003) and SAM model (Begg et 
al. 2003). The key characteristics of these approaches is that they are based on 
multi-criteria decision making theory. Based on the study of these approaches a 
new tool is proposed to assess small energy projects under the CDM in Peru. 
Chapter IV Sustainability analysis introduces the multi-criteria decision making 
theory and the sustainability approaches for CDM projects. In addition, it develops 
the Peruvian proposal.
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3.4.2 GHG analysis
Understanding of the concept and basic methods to calculate emission reductions 
from energy plants was necessary prior the analysis. The concept of emission 
reductions was studied from the Guidelines for CDM project design document 
(UNFCCC 2004f). The Atmospheric emission inventory guidebook (published by 
CORINAIR/EMEP 1996) and of the Revised IPCC guidelines for national GHG 
inventories (1996) provide the basis for calculating emission reductions. The 
methods are based on energy balances of the systems used. It was also necessary 
to review the existent research work on calculating emissions from small energy 
projects. Ybema et al. (2000), Begg et al. (2000), Bosi (2001), IEA (2001) and 
EcoSecurities (2002) represent the main literature reviewed to calculate emission 
reductions in each community. Chapter V GHG analysis presents a discussion on 
these methods, quantifies emission reductions for the Cajamarcan projects and 
suggests a simple approach for similar projects in Peru.
3.4.3 Financial analysis
The application of financial appraisal methods such as net present value, internal 
rate of return, payback period and incremental costs supported the analysis of the 
data. The assessment of energy costs applied a parallel calculation for the energy 
projects and baseline case of each community. It used the data to establish the life 
cycle costs per household and per community or project of using electricity from 
micro or solar systems. The assessment also establishes the baseline costs per 
household and community as if the previous source of energy would be used during 
the same time. Chapter VII Financial analysis discusses these methods and the 
financial implications of each project.
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4. Appendix I List of interviewees
Group Actors Names Institutions
3 Policy actors
Hernan Flores
Alvaro Mejia 
Luis Avalos
Ministry of Energy and Mines 
Cajamarcan Regional Director, Tel +51 44 
823487. Email hfiores(5)mem.qob.De 
La Libertad Regional Director, Tel +51 44 
Energy Specialist
Patricia Iturregui 
Maria Paz Cigaran
Comision Nacional del Ambiente-CONAM 
Tel +51 1 941 1999 
Manager of the Peruvian DNA 
Co-ordinator of PROCLIM project
Julia Justo 
Lorenzo Eguren 
Tania Zamora
Fondo Nacional del Ambiente-FONAM
Tel +51 1 449 6200
Director
Environmental Economist 
Researcher on the CDM
4
\
Developers
Alfonso Carrasco 
Teodoro Sanchez 
Saul Ramirez 
Carol Herrera
ITDG-Peru:
Lima office, Tel + 51 1 447 5127 
Country Manager 
Energy Country Manager 
Energy Consultant 
Consultant
Luis Rodriguez 
Rafael Escobar 
Jose Sambrano
Cajamarcan office, Tel + 51 76 824024 / 828759,
Email: rescobar(5)solucionesDracticas.ora.De
Regional Manager
Sociologist
Sociologist
Trinidad-MHP
Group Actors Names Institutions
1 Users Virgilio Saldana 
Francisco Julca 
Julio Chavez Florian 
Hector M Pretel Villena 
Virgilio Saldana Villena 
Maria Villena Lezcano
Males: 5 
Females: 1
Economic actors Julio Pretel Representative of Business People
Societal actors
Carlos Pretel 
Sonia Leon 
Martha Boy de Silva
Ginner Pichon
Head Teacher of the School
Teacher and Housewife
Head Teacher of the Santisima Trinidad
School
Teacher
Policy actors Hinner Pichen 
Lizardo Moncada Saldana 
Hector Pretel Villanueva 
Alejandro Silva
First Mayor (Teniente Alcalde)
Governor (Gobernador)
Head of the Police Station 
Representative of Farmers (Comuneros)
2 Owners Maximo Diaz Pretel Private, Tel +51 44 800264
Chalan-MHP
Group Actors Names
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1 Users Segundo Diaz Bustamante 
Jose Vasquez Huaman 
Sebastian Vargas D 
Tomas Vasquez A 
Daniel Horna Z 
Claudio Campos M 
Martina Bustamante 
Celinda Chacon 
Cristina Manosalva 
Absalon Vargas
Males: 7 
Females: 3
Economic actors Robert Llamuga C 
Casimiro Rojas
Council Engineer
Representative of Business People
Societal actors
Marilu Solano Castaneda
Albertina Medina 
Leonor Espinoza 
Gilberto Herrera 
Leoncio Bautista 
Isabel Luna 
Silvestre Rodriguez
Representative of the Public Canteen 
(Comedor Popular)
Secretary of the Public Canteen 
Representative of the Public Canteen 
NHS worker
Representative of Farmers (Agricultores) 
Representative of the Cristian Church 
Representative of the Adventist Church
Policy actors Teofila Olivares 
Modesto Delgado 
Luis Chacon 
Gustavo Medina 
Flavio Davila
Representative of the Council (Regidora) 
Representative of the Council (Regidor) 
Representative of the Council (Regidora) 
Coordinator of the rural red 
Representative of the Council
2 Owners Eliber Davila-Local 
Authority
Mayor of Chalan. Tel. +51 44 780360
Chugur-MHP
Group Actors Names
1 Users The names were not taken 
in the survey.
Males:8
Females:12
Economic actors 11 participants, contact 
names are not available.
Males:?
Females:4
Societal actors
Policy actors
2 Owners Delia Diaz Diaz-Local 
Authority
Mayor of Chugur
Conchan-MHP
Group Actors Names
1 Users Herlinda Segura Herrera 
Nora Chazquiral 
Celida Delgado 
Miriam Loayza 
Luisa Guevara Campos 
Rosas Bustamante 
Hernan Oblitas 
Manuel Segura 
+ 2 males and 2 female 
w/o the names recorded
Males: 5 
Females: 7
Economic actors Manuel Segura 
Promiro Guadalupe
Carpenter
Welder
Societal actors
Nicida Mejia 
Nora Chasquibloda 
Edgar Sanchez
NHS Nurse
Club of Mothers (Club de Madrés) 
Representative of Adventist Church
Policy actors - -
2 Owners Inocencio Masa-Local 
Authority
Council Representative (Regidor)
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1 Wilder Alvarado Manager of the MHP
Yumahual-MHP
Group Actors Names
2 Owners Andres Sangai Terrenes Private, Tel +51 44 823711
Atahualpa l-MHP, El Tinte-MHP and Atahualpa ll-SHS: The stakeholders of 
this three projects are the same as they are located in Atahualpa Co-operative
Group Actors Names
1 Users Julia Ayllay Chilon 
Anita Chilon Allay 
Zenaida Valdivia Chilon 
Luis Chilon Quispe 
Rafael Sambrano Castrijon 
Matis Gastolomendo
Margarita Chilon Quispe 
Eduardo Chilon Quispe 
Andres Chilon Quispe 
Agustin Teran Chilon 
Julian Quispe Chilon 
Juana Teran Pompa 
Segundo Quispe Espilco 
Nelida Valdivia Quispe
Atahualpa II SHS users 
Males: 3 
Females: 3
Atahualpa I MHP users 
Males: 5 
Females: 3
Economic actors Julian Quispe 
Victor Infantes 
Hipolito Toledo Cueva 
Elena Castrejon Julca 
Alfonso Teran
Supply Manager Co-operative 
Administrator of Co-operative 
Operator of El Tinte MHP plant 
Operator at the Souvenir Shop 
Operator of Carpentry Workshop
Societal actors
Clemencia Briones 
Kary Lopez 
Alicia Matias 
Wilder Cabanillas 
Lila Quispe 
Betty Ortiz
Head Teacher 
School Teacher-Nursery 
School Teacher-Primary 
School Teacher-Secondary 
School Teacher-Nursery 
Nurse of the Health Centre
Policy actors Tomas Flores 
Oscar Chillon
Defence Authority 
Co-operative Secretary
2 Owners Manuel Quispe Manager Co-operative, Tel +51 44 
960720/971082, Email 
Graniaoorcon(5)vahoo.com. Web oaoe 
httD://www.aeocities.com/Dorconperu
Ahijadero-MHP
Group Actors Names
1 Users The names were not taken 
in the survey.
Males: 5 
Females: 6
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5. Appendix II ITDG project history reports
Trinidad MHP
• Diagnostico socio-economico basico de Trinidad, Contumaza, 1996.
• Informe proyecto fondo de la MCH Trinidad, 1998.
• Informe de la compra de un nuevo cargador, 1998.
Chalan MHP
• Informe tecnico sobre la MCH de Chalan, Rodriguez L y Viani B, 1992.
• Diagnostico de base MCH de Chalan, Escobar R, 1993.
• Evaluacion de impacro socio-economico de la MCH Chalan, 1996.
Chugur MHP
• Diagnostico socio-economico de Chugur, Hualgayoc, 1998.
Conchan MHP
• Diagnostico de prefactibilidad de uso del recurso hidrico en Conchan, Rafael 
Delgado Loayza, 1997
• Diagnostico socio-economico del Distrito de Conchan para la Sostenibilidad de 
la MCH, Juan Milton Vargas Arana, Informe de practices profesionales en ITDG 
para la Universidad Nacional de Cajamarca, Facultad de Ciencias Economicas, 
1998.
Yumahual MHP
• Analisis financière de la MCH Yumahual, 1996
e Informe tecnica AYG 003 96, Pruebas finales y recomendacions de la MCH 
Yumahual, Octubre 1996.
• Informe No 001 98 PE/ITDG-CAJ, Visita tecnica a la MCH Yumahual, Enero 
1998.
Atahualpa II SHS
• Sistemas fotovoltaicos en la Co-operativa Atahualpa, March 2000
Atahualpa I MHP
• Inventario de cargas dé energia electrica, Cardenas F, Cooperativa Atahualpa, 
Julio 2002
• Diagnostico de prefactibilidad de uso del recurso hidrico en Conchan, Rafael 
Delgado Loayza, 1997
• Estudio de mercaod de cuatro productos de la Co-operativa Atahualpa 
Jerusalem, derivados lacteos, lana, madera y hongos comestibles; Santisteban 
Kaneko, Oscar; ITDG; 1995.
El Tinte MHP
• Resumen de proyecto: MHC El Tinte, Agosto 1996
• Acta de entega MCH El Tinte, Agosto 1996.
• Acuerdo de estructura de financiamiento, Mayo 1999.
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6. Appendix III Sustainable development questionnaire
6.1 Questionnaire for Group 1
Users, societal, economic and local policy actors
Five main topics:
Social benefits 
Economic benefits 
Environmental benefits 
Capacity building 
Future benefits
Social Benefits (Services and activities, employment generation, quality of life,
education, health, integration)
Services and activities that the introduction of MH plant has replaced/added
1. Describe the services or activities that the MH plant has replaced.
2. Describe the services or activities added as a result of the MH plant
3. Describe the general activities carried out before the MH plans was installed and what 
type of fuel you use and how difficult was to obtain such fuel?
4. Describe the general activities carry out at present and what type of fuel you use and 
how difficult is to obtain such fuel?
5. Other comments
Employment generation
1. Describe the advantages and disadvantages of the introduction of the MH plant in 
relation to employment generation (ask for official data source)
2. Has the MH plant created direct-jobs during its installation?
3. Has the MH plant created indirect-jobs during its installation?
4. Has the MH plant created direct-jobs after its installation?
5. Has the MH plant created indirect-jobs after its installation?
6. What is the general opinion of women/men regarding the MH plant? What does it mean 
to them?
7. Has there been a reduction or increase in the tasks performed by women as a result of 
the MH plant?
8. Other comments
Quality of life
1. Describe how the installation of MH plant has changed your life style?
2. Do you think that know you have time to do other activities (leisure, income generation, 
training, etc.?
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3. Would you prefer to go back to the previous source of energy? Why?
4. Other comments
Education
1. What are the benefits of having electricity for your school? (Ask to school reps)
2. Describe how the installation of MH plant has influenced children for studying? (Ask 
school reps)
3. How many hours did they study (at home/school) before the MH plant and after the MH 
plant installation?
4. How have children changed their performance at the school? Have they achieved 
better/worst grades? (Ask to parents and school reps)
5. Describe how the installation of MH plant has influenced adults in relation to education?
6. Other comments
Health
1. Describe the changes of having electricity? (Ask NHS reps)
2. How many hours did the NHS was able to attend before the MH plant installation?
3. How many hours is the NHS able to attend at present?
4. Other comments
5. Community, regional and trans-regional integration
6. Have there been changes within the community social activities since the arrival of the 
MH plant?
7. Are there more activities taking place in the evening? Which are they? Who are 
involved?
8. Is there more awareness and interest about political and economic affairs of Peru? 
Examples?
9. Is there more awareness and interest in the ‘outside world’? (Take into account the age, 
educational level, etc) Which are the issues taking the attention?
10. Other comments
Economic Benefits (Energy expenses and income distribution, generation of 
business)
Energy expenses
1. How much is the monthly tariff for electricity (kWh/month)?
2. What is the income per household in your community (soles/month)?
3. Is the tariff from the MH plant affordable to all income groups?
4. How much was spent on lighting, cooking, etc before the installation of MH plant?
5. How much is spent for other fuels at present?
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6. Is there any fund available for low-income households?
7. Other comments
Fuel Type Yes/No Quantity (litres) Cost (soles)
Kerosene
Candles
Wood-chip
Diesel
Propane
Others
Generation of business
1. Has there been an increase in income generating activities using the MH plant 
electricity? For whom?
2. Has there been a decrease in income generating activities using the MH plant 
electricity? For whom?
3. How much revenue has been created form these activities?
4. For existing services/activities how have them been benefited by the introduction of the 
MH plant?
5. What other implications in business terms have the MH introduced? (E.g. competition 
between businesses)
6. Other comments
Environmental Benefits (Water and land, air and noise impacts)
Water and land impacts
1. Has there been any impact on aquatic life and riverbank vegetation?
2. Have there been changes on farming practices after the MH plant was installed?
3. Has the MH plant affected the supply of water for drinking, irrigation purposes, etc. 
downstream of the plant?
4. Did some forest clearance take place during the canal and construction phase?
5. Are people downstream consulted and given assurances before constructions begins?
6. Was battery charging used before the MH plant installation?
7. How far away were the charging stations?
8. How and where were the used batteries disposed?
9. At present, is there any type of effluent being deposited to the near river?
10. What type of new activity releases that type of effluent?
11. Is there any type of solid waste being generated?
12. Other comments
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Air impact
1. What type of fuel was used for cooking before the MH plant installation?
2. What type of fuel/system is used for cooking?
3. Are households provided with adequate ventilation?
4. Are there uncommon respiratory health problems?
5. Are there any new air related problems (e.g. dust, fumes, etc.)? Which is the source?
6. How has increased/decreased the vehicular traffic to the community since the MH plant
installation?
7. Other comments 
Noise impact
1. Is there any noise impact from the MH plant?
2. Are there any noise impact form new activities (e.g. welding, carpentry workshops)
3. Other comments
Capacity building (Decision making process; education, training & awareness and 
assessment of community needs)
Decision making process: Local involvement
1. Describe how was the MH plant implemented? How was the MH plant selected? Who
was involved in the selection of the MH plant?
2. To what degree and in what capacity did the potential end users participate in the 
installation of the project?
3. To what degree are women involved in the initial discussions, feedback or training?
4. Who owns the plant?
5. How is organised the administration of the MH plant?
6. Other comments
Education, training and awareness
1. Are locals given awareness-raising lessons about the MH plant and energy in general?
2. Are these lessons been disseminated to other villages or bodies?
3. Who provided the training and how was it conducted?
4. Other comments
Assessment of the community needs
1. Were your needs (energy) consulted with you before the installation of the MH plant?
2. Other comments
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Future benefits
1. Do people want to upgrade the capacity of MH plant? What would be the maximum tariff 
you could pay?
2. Have their incomes been increased sufficiently to cover additional capital cost?
3. Do you think about other sources of electricity that can be applied in your community? 
Which are they? What are the options?
4. Are you getting as much electricity as you would like? Details
5. Are there any possibilities to be connected to the national grid in the future? When?
6. Other comments
6.2 Questionnaire for Group 2
Owners: Local authorities, co-operative and private individuals
Three main topics:
Economic benefits 
Capacity building 
Future benefits
Economic Benefits
1. What were the reasons for considering the installation of the MH project in the first 
place?
2. Indicate the sources of investment to develop the MH project. Finance resources?
3. What is the energy consumption of your community/cooperative/business?
4. What does it represent on money (kWh/month)?
5. What was the energy consumption before the MH project installation? How much was 
spent?
6. At what level have been increased your economic activities by using the MH project?
7. How much revenue has been created from these services?
8. How many people are employed in your community/cooperative/business?
9. How many people were employed before the MH project installation?
10. Other comments
Capacity Building (Decision making; development and transfer of technologies; 
improvement and creation of enabling environment; education, training and 
awareness)
Decision-making
1. Describe the reasons why it was decided to install the MH plant?
2. Who were involved in the decision making process?
3. How was decided the capacity of the MH plant?
4. Other comments
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Development and transfer of technologies
1. Describe the procedure carried out to implement the MH project?
2. Who initiated the project?
3. Which institutions were involved?
4. How many people operate/maintain the MH project plant?
5. Other comments
Improvement and creation of enabling environment
1. What was needed to put in place in order to implement the MH plant?
2. How that was achieved?
3. How is the management of the revenue collection, maintenance, etc.?
4. Who is responsible for the administration of the MH plant?
5. Are there any safety procedures for the MH project? Who is responsible?
6. Other comments
Education, training and awareness
1. Are locals given awareness-raising lessons about the MH plant and energy in general?
2. Are these lessons been disseminated to other villages or bodies?
3. What type of training was provided to the operation and maintenance of the plant?
4. What was the composition of the trainees in terms of their technical and business 
background?
5. Who provided the training and how was it conducted?
6. Who manage the education, training and awareness?
7. What are the main issues in relation to this?
8. Other comments
Future benefits
1. Do owners want to upgrade the capacity of the MH plant and are they willing to pay for 
it?
2. How much would they pay? Would they have resources?
3. Why are the reasons for upgrading?
4. Have their incomes been increased sufficiently to cover additional capital costs?
5. Is there a need for upgrading the MH project capacity?
6. Other comments
6.3 Questionnaire for Group 4
Developers: ITDG-Peru
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Three main topics:
Capacity Building 
Technology Transfer 
Future
Capacity Building (decision making; development and transfer of technology; 
education, training and public awareness; assessment of community’s needs and 
resources; improvement and creation of an enabling environment)
Decision making process: Non-local and Local Involvement
Non-local involvement
1. Who initiated the MH project?
2. Describe, the decision making process carried out to implement the MH project?
3. Which institutions were involved? Finance, Technical, Governmental, Non- 
Governmental, etc?
4. Other comments
Local involvement
1. Who in the community were involved in the initial discussions, feedback or training?
2. How did you build a relationship with the community?
3. What did you do to include the community?
4. How was the participation of men/women/children?
5. Other comments
Development and transfer of technology
1. Describe how was carried out the implementation process of the MH plant? MH Project 
cycle: Planning/design, Management, Civil works (penstock, channel, powerhouse, site 
preparation/access roads, others), Electro-mechanical works, Distribution.
2. What components were manufactured locally, which were imported?
3. How many local manufacturers were/are in the area of Cajamarca? What components 
did/do they manufacture?
4. Other comments
Education, training and public awareness
1. Describe the type of training provided to the people participating in the implementation 
of the MH project?
2. Who were managing the training process? How many people were involved? What 
are/were their technical and business background?
3. How was the training conducted?
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4. How many people from the community participated in the training?
5. Is there an on-going training programme to upgrade skills or train people? Who does 
manage it?
6. Were people from the community given awareness lessons about the MH plant and 
energy in general? Who are they (men, women, children)?
7. Which (institution) was responsible to provide this?
8. Are people from the community given awareness lessons about the MH plant and 
energy in general? Who are they (men, women, children)?
9. Which (institution) is responsible to provide this?
10. Has the lessons learnt been disseminated to other villages and bodies? In what way?
11. Describe the process to keep the local community updated in issues related to changes 
of the MH plant
12. Are there any activities carried out in order to expand the experience/ 
knowledge/awareness of the MH technologies outside the local community?
13. Describe, how these activities are carried out? Who manage them? Give examples
14. Other comments
Assessment of community’s needs and resources
1. Community’s needs (food, health, shelter, basic services-water, energy, etc.- and 
education)
2. Have you assessed the main needs of the local community before the MH installation?
3. Which were the main needs of the community?
4. Describe how the assessment was carried out?
5. Describe how this assessment was taken into account?
6. Other comments
Community’s resources (natural, social, financial, physical, human)
Natural resources
1. Have you considered the (natural) resources available; fuel-wood/biomass, water, solar, 
wind, diesel, etc?
2. Other comments
Social resources
1. Did you consider the communities’ (technical) capabilities, management, and 
organizational skills?
2. Did you consider the women capabilities?
3. How did you address the impact that the new energy will cause to the community?
4. What were the main weak points (e.g. lack of leadership, technical expertise, literate 
level, etc.) of the community?
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5. How was/is the availability of technical resources (technicians) in the community before 
the installation of the MH project?
6. Did the project involve local people in the construction and installation? How was this 
organised (No of hours/men/women/day, payment, training, etc.)?
7. Were people willing to contribute with it?
8. Other comments
Financial resources
1. At the moment of the feasibility study, which were the main beneficiaries (professionals, 
business people, farmers, clinic, schools, households, etc.) of the MH project?
2. Information about the price of installation charges?
3. Price of tariff rate/month?
4. Transport costs and material costs?
5. Other comments
Physical Resources
1. How was the infrastructure existent before the installation of the MH project?
2. Describe the condition of road access
3. How regular were/are the transport services?
4. How was/is the battery charging process carried out?
5. Other comments
Improvement and creation of an enabling environment
1. Describe, what existing capacities (institutions, groups, training, etc.) were needed to 
strength in order to organise and manage the MH project?
2. How were they managed?
3. Describe, what new capacities (institutions, training, groups, etc.) were needed to create 
in order to organise and manage the MH project?
4. How were they managed?
5. What were the barriers and opportunities (financial, political pressure etc.) encountered 
to strength or create these capacities?
6. Describe the type and source (local government, international organisations, etc.) of 
support received to strength or create these capacities?
7. Describe how these capacities created during the installation of the MH plant are 
managed at the present time?
8. Other comments
Technology Transfer (MH technology in Cajamarca, technology needs, technology 
information, enabling environment, mechanisms for technology- capacity building 
and future of MH technology)
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MH technology in Cajamarca
1. Describe, how was initiated the MH technology in Cajamarca? When was this initiated? 
Who developed/refined the technology?
2. Which were the main issues encountered during the whole process of the MH 
installation in this community?
3. Describe the type and source (local government, international organisations, etc.) of 
support received to apply MH technology in this community?
4. Other comments
Technology needs
1. How was the decision making process carry out in order to select MH technology?
2. Why was MH technology selected?
3. Which were the main community aspects (energy, economic, etc.) considered to select 
MH technology?
4. What were/are the main technical problems arisen from the MH plant?
5. How are they managed? Who is responsible to manage them?
6. What happen if the MH plant breaks down? Has it ever occurred? How was the problem 
solved? How long time it took to solve it? How was the reaction of the community?
7. Other comments
Technology information
1. Describe, how is facilitate the flow of information (workshops, bulletins, courses, etc.) 
about MH technologies within the community? And with other communities?
2. Who is managing that?
3. Other comments
Enabling environment
1. What were the barriers and opportunities (trade policies, technological, legal, 
administrative, etc.) encountered?
2. What actions can you suggest to the National/Local government to apply in order to 
facilitate the implementation of MH plants?
3. How do you think, this MH technology can improve its efficiency? What is needed? Is it 
feasible?
4. Other comments
Mechanisms for technology -Capacity building
1. Is there any mechanism in place created to improve/maintain scientific and 
technological skills of the community?
2. Is there any mechanism in place created to disseminate MH technology in the 
community?
3. Other comments
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Future of MH technologies
1. What are the provisions for upgrading/changing the MH plant in the community?
2. How can it be carried out?
3. What is needed?
4. What are the barriers and opportunities?
5. From your experience what is the level of difficulty in upgrading/changing from plant to 
plant?
6. Other comments
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7. Appendix IV-Peruvian context questionnaire
7.1 Questionnaire for Group 3
Regional and national policy actors
Main topics: Region and country energy context
Present and future rural energy policies 
Capacity building in Peru
Region and country energy context (Group 3; Representative of the Ministry of 
Energy and Mines)
This section will be carried out by applying PROBASE procedures 4
Capacity building in Peru (Group 3; Representative of the Peruvian National 
Environmental Council-CONAM, Dr Patricia Iturregui)
Institutional capacity building
1. Which governmental institution deals with climate change issues?
2. How is organised the climate change office within CONAM?
3. How many staff work on climate change issues? What level of expertise do they have?
4. When was this established?
5. What are its functions and responsibilities?
6. Which institution represents Peru in the climate change negotiations?
7. Improvement and creation of enabling environment
8. Describe, what existing capacities (institutions, groups, training, etc.) were needed to 
strength in order to organise and manage the climate change unit of Peru?
9. How were they managed?
10. What were the barriers and opportunities (financial, political pressure etc.) encountered 
to strength or create these capacities?
11. Describe the type and source (local government, international organisations, etc.) of 
support received to strength or create these capacities?
12. Describe how these capacities created are managed at the present time?
13. Other comments
CDM programmes
4 The European Commission, 5th Framework Programme, [1998-2002], Procedures for Accounting 
and baselines for projects under JI and the CDM- Country Context.
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1. Describe what CDM programmes are being carried out by the climate change unit in 
Peru?
2. How is the process to implement CDM project activities carry out in Peru as host
country?
3. What are the sustainable development criteria for CDM projects in Peru?
4. Is there a sustainable development strategy adopted?
5. Is there a set of indicators (social, environmental, economic, etc.) applied to assess the
sustainable development criteria?
6. What are the barriers and opportunities encountered within the CDM process?
7. Other comments
GHG inventories, emission database management, and systems for collecting,
managing and using activity data and emission factors
1. Describe the process of GHG inventories, which were the difficulties encountered? How 
was it possible to carry it out?
2. How is the system for data collection and management?
3. Which institutions were involved?
4. How was it financed?
Development and transfer of technology
1. Describe, what activities is organizing the Peruvian climate change unit in order to 
facilitate the flow of technology information (workshops, bulletins, courses, etc.)? Give 
examples (type of technology, type of activity, etc.)
2. Which institutions are involved?
3. Other comments
Decision-making
1. Describe, the decision-making process applied to implement CDM (AIJ) project 
activities?
2. Which institutions are involved? Finance, Technical, Governmental, Non-Governmental, 
etc.?
3. Other comments
Education, training and public awareness
1. Describe, the strategy (national or regional) applied by the Peruvian climate change unit 
to create awareness, spread knowledge, and or train people (institutions, businesses, 
general public, etc.) about the climate change issue and its activities.
2. How is this organised and managed? How is it funded? How many institutions are 
involved?
3. Are people interested in participating?
4. List main difficulties and opportunities
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5. What other activities have been developed to create awareness of the climate change?
6. Is there an on-going training programme to upgrade knowledge about climate change 
activities?
7. Other comments
Information and networking
1. Describe how is facilitated the flow of information (workshops, bulletins, electronic, etc.) 
about climate change issues and activities in Peru.
2. How is that managed? How is it funded?
3. What types of networking activities are being carried out with Peruvian institutions and 
international organisations? Sharing experience about capacity building.
4. Is there any programme applied to promote collaboration between South-South 
countries?
5. Other comments.
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8. Appendix V GHG and finance questionnaires
There are six main components of this questionnaire:
Project characteristics
Determination of GHG sources and project boundaries 
Present situation
Key factors influencing the project and baseline emissions 
Identification of the baseline 
Financial data
Project characteristics (directed to Group 1,2 & 4)
Developer’s name 
Developer’s address 
Contact person 
Job title
Telephone number 
Fax number 
E-mail address 
No of employers 
Company’s main activity
Owner’s name 
Owner’s address 
Contact person 
Job title/ Responsibility 
Telephone number 
Fax number 
E-mail address 
No of employers 
Company’s main activity
If the location or ownership of the pre-project situation is different to the present project, 
please give details.
Location of the MH plant
Distance to Cajamarca city [km], [hours]
Accessibility
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Population 
Population density 
MH project starting date 
Construction starting date 
Construction finishing date
Technical data: 
Design capacity [kW]
Head [m]
Flow rate [m]
Type of turbine ~
Type of generator 
Other components
Source of components (local or imported), please give details
Annual Output/Usage [kWh/y] for each year of operation since commissioning (or total output 
since commissioning)
Efficiency [%]
Load factor [%]
Expected lifetime of equipment [years]
Has the project been operating satisfactorily during its lifetime? Please give details of outages 
(maintenance and forced)
What external factors affect the operation of the plant? (E.g. rainfall)
Function of the MH plant (domestic, enterprise or others) ”
Number of households
Power used by households [kW]
Type of enterprise(s) [kW]
Power used by enterprise(s) .
Determination of GHG sources and project boundaries (on-site visit, directed to 
Group 1, 2 & 4)
List direct on-site GHG emissions and their sources (activities creating those emissions)
E.g. Emissions created by activities carry out using electricity generated by the MH plant.
List direct off-site GHG emissions and their sources (activities creating those emissions). 
E.g.
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List indirect on-site GHG emissions E.g.
List indirect off-site GHG emissions and their sources (activities creating those emissions). 
E.g. transport of goods (furniture, milk products) produce in the community by using 
electricity generated from the MH plant
List the components of the MH plant
Pipes
Turbine
Generator, etc.
Information about emissions related to activities to:
Produce
Transport
Deliver, etc.
...the components of the MH plant.
What is the expected lifetime of the system components?
Draw a flowchart of the MH project with its main components and connections to end-users.
In the flowchart draw the project boundaries of the project. (The project boundary for MH 
plant will be the plant and the community where the energy is used).
Indicate which components will be added, removed, or refurbished by the project. Indicate 
also when will it happen?
List comments on flowchart and project boundaries.
Present situation (directed to Group 1 & 2)
Energy use and expenditures of MH plant users.
Type of user: Households, Enterprises and Others
Activity Energy source, 
e.g.:
No of hours/day Monthly 
consumption 
[kg], [Lt], etc.
Unitary costs 
[Soles/kg], 
[Soles/Lt], etc.
Lighting MH plant 
Kerosene 
Candles
Appliances 
(radios, TVs, 
etc.)
MH plant 
Dry batteries 
Battery charging
Cooking MH plant 
Propane 
Kerosene 
Coal
Wood-chips
Machineries MH plant 
Diesel generators
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Key factors
Project specific (on-site) factors (directed to Group 2)
1. How is the quality of the MH system?
2. How is it performing?
3. Are maintenance technicians available locals? In case of breakdown, will they be able 
to correct the problem? Describe any experience related.
4. How are the provisions for spare parts? Are they available locally? Are they feasible to 
be acquired?
5. What type of financial mechanism is involved to solve an eventual problem of the MH 
plant? Who is in charge of that?
6. Is there any type of subsidy related to MH systems?
7. Is the MH plant supplying enough electricity for users needs? Are users still burning
kerosene, candles, etc.?
8. Are end-users satisfied (energy and financial) with the MH systems? Will they be willing 
to pay for upgrading the MH plant? How much?
9. Have the MH plant experienced any type of damage caused by terrorist acts, thefts, 
natural disasters, etc.?
External (off-site) factors (directed to Group 3)
1. Is there any adopted or planned legislation related to renewable energy technologies?
2. How is enforced?
3. Is there any adopted or planned strategy for rural electrification?
4. How is inforced?
5. How is the market for MH projects? How is the economic situation in the MH project 
sector? Is it feasible to invest for these types of projects?
6. Are there any existing government subsidies or incentives for this type of technology?
7. Are there any social, economic and/or demographical developments that influence the 
implementation of MH systems?
8. What are the policies for fuel (kerosene, diesel, propane, etc.) supply?
9. What is Peru’s financial situation?
10. What are going to be the consequences of privatising energy markets?
11.1s there any emission legislation in place?
12. How is the forecast for weather (e.g. rainfall) conditions in Cajamarca?
Summary: Key factors influencing the MH project
Factors Baseline
development
MH project’s activity 
level and GHG 
emissions
Risk for the MH 
project
Technical
Legal
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Economic
Political
Socio-demographic
Environmental
Identification of baselines (directed to Groups 1, 2 & 4)
1. Establish possible baselines for the MH project.
2. What was the energy source that supplied energy needs before present plant?
3. Did it give an equivalent energy service? If not, how did it differ?
4. How long had this situation been in place and how long might it have continued without 
the MH project?
5. What are the other local sources of energy? What other sources were used?
6. What might they have used in the absence of the project? Which ones could have been 
developed if the project had not been built?
7. What were the limiting factors?
8. When might these other options become financially viable under the current 
development path of the country?
Baseline cases (pre-project situation) (directed to Groups 1, 2 & 4)
If the pre-project situation was a plant such as a diesel generator:
Capacity design [kW]
Year of installation 
Remaining lifetime [years]
Annual output /usage [kWh/year] (for previous seven years)
Efficiency [%]
Annual fuel consumption [kg/year] or [GJ/year] (for previous seven years)
Density [kg/L]
Calorific value [GJ/tonne]
Load factor [%]
What was the condition of the plant when replaced? Did it need replacing or was it still 
providing an acceptable level of service?
Function of the plant:
Domestic
Enterprise
Alternative Baselines energy supply option (other fuels, battery charging, candles, biomass, 
etc.)
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Number and type of appliances 
Efficiency [%]
Annual fuel consumption [kg/year] or [GJ/year] 
Density [kg/L]
Calorific value [GJ/t]
Lifetime of appliances [years]
For each alternative baseline, give technical details as specified above.
Financial data (directed to Groups 1, 2 &4 )
Financial data for the baseline(s) (pre-MH project situation)
Capital costs [soles]
Annual operation and maintenance costs (including spares, staff, specialists, tools, materials, 
etc) [soles/year]
Fuel costs [soles/kg] or [soles/GJ]
Transport costs (if relevant)
Financial data for MH project
Capital costs Cost [soles]
1 Planning design
Engineering, energy survey, hydrology study, site survey, pre-feasibility 
report, feasibility report, supervision fees, commissioning fees, training, 
etc.
2 Management and finance
Institution formation, funding procurement, legal and insurance, training for 
management
3 Civil works
Penstock, weir and intake, channel, powerhouse, site preparation/access 
roads, other
4 Electro mechanical
Turbine, generator, switchgear, other
5 Distribution of electricity 
Transmission lines, domestic connections
6 Appliances
TOTAL
Running costs Cost
[soles/year]
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1 Fixed annual (operation and maintenance) costs 
Labour for wages (staff in charge)
Management committee
Specialist overhaul, maintenance, other
2 Variable running costs
Staff recruitment, training, spare parts, tools, materials, specialist advice, 
replacement equipment, other.
TOTAL
How was the MH project funded (grant or loan)?
What percentage of the total investment cost of the MH project was covered by the 
grant/loan?
Which institution provided the grant/loan?
If loan, what was the interest rate and time limit for repayment?
What is the current market rate for loans in this sector?
Can the government be held responsible if the loan is not paid back?
What is the current inflation rate in Peru?
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0. Introduction
Knowledge of the host country is a prerogative that project investors, in general, 
and CDM investors, in particular, need to acquire in order to decide on the 
feasibility for investment. The aim of this chapter is to provide an overview of the 
current state of Peru as a country for investing on small renewable technology and 
on CDM activities. This chapter presents the background to Peru (Section 1) and its 
energy context (Section 2), the country CDM activities (Section 3), the energy 
projects selected from Cajamarca region (Section 4) and finally, it also provides a 
brief background to micro-hydro and solar technologies (Section 5).
1. Background to Peru
Peru is the third largest country in South America with a continental area of 1.3 
million km2. It is divided into 25 departments that in total have 194 provinces with
1,818 districts. The country has a diverse geography with difficult access but with 
great potential of natural resources. There are four main characteristics of the 
country’s geography (UNDP 2002): a) It falls into three main regions: the narrow 
desert strip on the Pacific coast, the highlands of the Andes and the rainforest of 
the Amazon basin on the East. These regions are different in altitudes, climate, 
water availability, forestry and soil, b) It has an assorted topography, which reduces 
the arid land to 2-3% of the national territory. However, it provides mineral, forestry 
and hydro-biological resources, c) It presents a rich biological variety of species, d) 
It has a 3000 km of coastal length.
In 2003, Peruvian population is estimated 28 millions and a 40% increase is 
expected by 2025 (CONAM 2001). About 45% of the population is indigenous, 35% 
mestizo, 15% white and 5%, black. The population is distributed mainly in places 
with water availability or with other resources useful for living. The country’s 
population has developed in the coastal and highland valleys and upon the Amazon 
river. This development implies an adequate use of natural resources and a 
territorial economic organization. At present, the majority of Peruvians live in urban 
areas (72%) and the capital, Lima, contains about 30% of the total population 
(UNDP 2002). As a result of the diverse country geography, road infrastructure and
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communication means play essential roles for the development of the country. The 
isolation between rural and urban areas is one of the main aspects of social and 
regional disparities.
1.1. Economy
The characteristic of the Peruvian economy is its strong volatility. Gross domestic 
product (GDP) per capita felt 22% in the 1985-1990 period, when the economy 
model being applied failed (CONAM 2001). For example, in 1990 Peru experienced 
the first hyperinflation in its history with an inflation reaching 7,950% (BCRP 2002). 
During the mid 1990s, the economic situation improved due to an appropriate 
international context and the application of a program of structural adjustment. 
Indeed, in 1999 the GDP grew up by 0.9% and in 2003, by 4% (BCRP 2004). The 
privatisation policy has been a main element to attract foreign investment and to 
move the country’s economy towards a free market system. From 1998 to 2002, the 
GDP per capita increased more than 50%, from US$ 1,285 to US$ 2,020 (World 
Bank 2004).
The Peruvian economy is based on the extraction and export of minerals, primarily 
copper, zinc, lead, silver, iron and gold. Mining contributes about half the country's 
export revenue (UNDP 2003). Other important sectors are fishing and fishmeal, 
forestry and agriculture. In 2001, the service sector dominates the Peruvian 
workforce with 63% share followed by industry (27%) and agriculture (10%) (CIA 
2003). Unemployment is not as high as it could be expected, 9% in 2002. The 
problem in the country is underemployment; in fact, between 1990 and 2001 more 
than 15% of the population lived bellow US$1/day (CONAM 2001). As any other 
developing country, Peru wealth distribution is unfairly allocated. 10% of the rich 
population earns about 35% of the country’s income while 10% of the poorest 
population earns only 1% of the country’s income (UNDP 2003).
In the past decade the country has experienced an interest for investment, FDI -  
Foreign Direct Investment- in the country has increased from US$ 1600 millions to 
US$ 12400 millions for 1993 to 2003. In the last 5 years the UK, Spain and the US 
have been the major investors (Proinversion 2004).
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Peru is a middle risk country as the OECD ranks it with 5 points for country risk -  
being 10 the most risky country (OECD 2003); it is in third best place after Chile 
and Mexico within Latin American countries. See Table 1 for a summary of the 
Peruvian key data for investors.
Table 1 Peruvian key data
Population (2003) 28 million people
GDP/capita (2002) 2020 US$/year
GDP growth (2003) 4%
FDI (2003) 12400 millions US$
Country risk (OECD 2003) 5
1.2. Politics
Peru's development has been held back by endemic corruption1 and the failure of 
successive governments. This situation leaves the country deeply divided politically 
and economically. Through history a small elite of Spanish descent controls most of 
its wealth and political power, while the indigenous peoples are largely excluded 
from both and make up most of the estimated 30% of Peruvians who live below the 
poverty line. As a result of this accumulated political, economical and social issues, 
during the 1980s and 1990s Maoist rebels undertook a brutal war against the 
country democracy. This war claimed as many as 69,000 lives, leaving the country 
in more debt and political crisis (CARETAS 2003). Despite the virtual destruction of 
the Shining Path and Tupac Amaru guerrilla groups in 1992, internal violence are 
still showing in the form of murders, armed robberies and gang warfare.
Peru has been a presidential republic since the early 1800s. Under the constitution 
of 1993, a single chamber with 120 members is elected every five years. A long 
political and institutional crisis took a dramatic turn in early 2001 when president 
Alberto Fujimori resigned after visiting Japan. The Peruvian government formally 
requested his extradition to face charges that include murder, kidnapping and 
inflicting grievous wounds. With Fujimori's presidential demise, Peruvian civil 
movements hoped to create a space for citizens to play an important role in building 
a new political culture and challenge 10 years of neo-liberal and authoritarian 
policies. Also, the election of Alejandro Toledo on an anti-corruption platform in
1 The Corruption Perception Index ranks Peru with 3.5 out of 10.0, where 10 is a highly clean country 
and 0 is a highly corrupt country (TICPI 2005).
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2001 further raised hopes. However, President Toledo has struggled to transform 
Peru's economy that is weighed down by the heavy burden of foreign debt and to 
alleviate poverty (CIIR 2004). In June 2003, he announced a month-long state of 
emergency in an attempt to quell waves of strikes led by public sector workers.
1.3. Poverty
In 1999, the National Fund for Social Compensation (FONCODES)2 established in 
its Poverty Map report that more than 42% of the population live in poverty. 
FONCODES’s study identifies five levels of poverty; extreme poverty, very poor, 
poor, regular living standards and acceptable living standards. The results from the
1,818 districts of Peru shows that 11% live in extreme poverty, 33% are very poor, 
39% are poor, 15% are under regular living standards and only 2% are districts 
present acceptable living standards (Flores et al. 2000, ppB-11). From this is 
noticed that the majority of the population live in poor conditions and the rest living 
in acceptable standards are located in the coast of the country where the main 
industries operate. This has also been highlighted elsewhere. For example; the 
UNDP report on Peru concludes that the departments where there are more 
industries, access to electricity and high literacy levels also present a higher 
development index than the departments in opposite circumstances (UNDP 2002).
The methodology applied by FONCODES’s study uses seven poverty indicators 
(Flores et al. 2000, p5): children malnutrition, number of children per schoolroom, 
number of health services per community, access to potable water, access to 
sewage systems, road infrastructure and access to electricity. Malnutrition in 
children reduced from 48% to 31% between 1993 and 1998. It was found that the 
Andean and Amazon regions are the most vulnerable, presenting the highest rates 
of malnutrition. The average rate of children per schoolroom was about 32 (the 
minimum international rate is 30). However, the findings show that from the districts 
living in extreme poverty (201), two thirds of the districts present deficit of more than 
700 schoolrooms. The results for the health service indicate that extreme poor 
districts (128) have a deficit of nearly 600 medical centres -FONCODES’s
2 In 1990, FONCODES was created as part of a Peruvian plan to fight against poverty with the aim to 
act as a focal point for public sector investment in poverty alleviation and financing social investment 
projects.
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approach assumes a reference of 1 medical centre for 1,000 inhabitants. More than 
50% of the total districts in Peru have access to appropriate road infrastructure, 
90% of extreme poor districts do not have access to appropriate roads. The deficit 
of access to potable water and sewage has decreased from 1993 to 1999 from 52% 
to 35% and from 59% to 54% respectively. Finally, the report of FONCODES 
establishes that in 854 districts, 5 million people, do not have access to electricity 
(Flores et al. 2000).
Internationally Peru is not a very poor country, in fact it is called a medium income 
country. The human development index ranks Peru at 73 out of 162 countries 
(UNDP 2001).
2. Peruvian energy context
2.1. Electricity sources and demand
Peru has an installed electricity capacity of 6 GW, 50% of which is hydropower. In 
2002, 22 TWh of electricity was generated, 82% was from hydropower sources. 
The remainder of the country electricity comes from diesel, industrial oil 
(petroleum), coal and increasingly natural gas (MINEM 2003). About 80% of the 
total electricity is generated with the national grid connection and the rest, 1 GW, 
with decentralised systems3 (FONAM 2001, p10).
In the last 20 years, Peru has also been affected by the reduction of crude oil 
reserves. For example; the total production of petroleum dérivâtes (industrial oil, 
diesel and gasoline) decreased by nearly 100% from 1980 to 2002 (CONAM 2003, 
p56). Hence, the country has converted from an oil exporter to an importer. At 
present the government is active in the exploration and production of carbon based 
sources of energy. Indeed, from 2000 an important natural gas reserve of more 
than 12 millions TJ has been explored and since 2002 it is being produced (MINEM
2003). Figure 1 shows the distribution of the national energy reserves where natural
3 The first is known as Sistema Electrico Interconectado Nacional or SEIN and the last as Sistemas 
Aislados or SSAA.
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gas, hydro, crude oil and mineral coal represent 54%, 28%, 10 and 8% 
respectively.
Figure 1 Peruvian energy reserves
Crude oil 
10% Hydro
28%
lineral coal 
8%Natural gas 
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Source: MINEM (2003, p3-5)
Figure 2 highlights the increase of electricity supply in 67% from 13,000 GWh in 
1990 to 22000 GWh in 2002. It also shows a 77% increment in the production of 
hydroelectricity, 32% increment in thermal electricity and the introduction of 0.4 
GWh of electricity generated from wind power in 1996. This source contributed with
1.2 GWh of the total electricity generated in 2002 (MINEM 2002a).
Figure 2 Peruvian electricity supply
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Figure 3 shows the total energy consumption per sectors. This increased 
significantly in the fishing (45%), industrial (60%) and mining and metallurgy (50%) 
sectors from 1990 to 2001 (MINEM 2002b). However, the energy consumption for 
the domestic and commercial sector remained without significant changes in the 
same period.
Figure 3 Peruvian energy consumption per sectors
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2.2 Renewable’s potential
Peru is a country with very different regions that are characterised for their specific 
geography and climate. This diversity positions the country with a great potential for 
renewable energy. Research of these energy sources have started since the late 
1980s.
2.2.1 Mini and micro hydro
Mini and micro hydro resources in Peru are estimated to reach 1,000 MW of 
capacity (FONAM 2001, p13) with average generation costs of 0.1-0.3 US$/kWh 
and investment costs of 1.5 to 9.7 kUS$/kW; these figures are estimated in Chapter 
VI. The Highland region is the area of greater hydro availability. The experience of
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implementing this technology started in the 1980s. One of the most relevant 
organisations is Intermediate Technology Development Group-Peru which has 
implemented more than 20 micro hydro plants in the Highlands, Amazon and 
Coastal areas. These plants range from 3 to 200 kW of capacity and serve to about 
4 to 800 families each4. The electromechanic equipment such as turbines are 
produced in the country and are also being exported to other neighbouring 
countries such as Bolivia (Hadzich 1999, p15).
2.2.2 Solar energy
Solar energy potential in Peru ranges from 4-6 kWh/m2/day and is concentrated in 
the Southern Highlands and Northen Amazon (MINEM 2001). It was calculated that 
generation costs are 0.9 US$/kWh and total investment costs are 20 kUS$/kW, as 
for micro hydro, this data is also taken from Chapter VI. In Peru the installation of 
solar panels for domestic and institutional purposes started in the 1990s with three 
main promoters: a) The Centre for Renewable Energy of the National University of 
Engineering in 1996 installed 400 solar home systems of 50 W each in five islands 
of the Lake Titicaca in Puno (Horn 2004) where indigenous live in floating houses, 
b) The Rural Support Group of the Catholic University implemented, between 1997 
and 1999, 450 solar systems that provide lighting and refrigeration of vaccins in 
health centres of poor areas of the country (FONAM 2001, p24). c) The Executive 
Directorate of Projects of the Ministry of Energy and Mines introduced 1,000 solar 
home systems in the Highlands and the Amazon (FONAM 2001, p24). At present, 
the supply of solar technology is carried out in the country by major manufacturers5.
2.2.3 Wind energy
According to the Ministry of Energy and Environment, the North and South coast of 
Peru shows a wind potential from 3-14 kWh/m2/day and reach wind velocities of 8.5 
m/s (MINEM 2001). The generating costs of this technology are still higher than 
hydro and solar sources, Del Buono et al. (1997, p4) estimate costs between 1.5 
and 2.0 US$/kWh. Wind electricity started in Peru in the middle 1980s at 
experimental stage. The first pilot projects operate in La Libertad and lea since
4 For further information on these plants refer to Project plan document in Volume II
5 Solar panels are sold by the country representatives of SOLAREX, BP SOLAR, SIEMENS, 
KYOCERA and FREE ENERGY (Hadzich 1999, p16).
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1996 and 1998 respectively. Their turbines’ capacities are 350 and 450 kW. In Peru 
there is only one manufacturer of wind generators which produces units of less than 
1 kW, that are used for battery charging in rural areas (Hadzich 1999, p16).
2.2.3 Geothermal energy
Basic studies of geothermal potential have been carried out to date, it is known that 
the Highland region of the country presents groundwater temperatures from 85 to 
240 °C. Specifically in the Southern areas of Arequipa, Moquegua and Tacna, 
(MINEM 2001). However, the feasiblity of explotation of this energy requires further 
investigation.
2.2.4 Biomass
Biomass is one of the principal sources of energy in the country; the national 
energy balance accounts firewood, baggasse, bosta and yareta as biomass while 
agricultural and forestry sources are not considered due to lack of data. Firewood 
bosta and yareta are used for domestic and commercial purposes within an 
informal market. For example; in the Coastal region it is applied in food products, 
restaurants, bakeries and bricks ovens. Baggasse is mainly burnt in cogeneration 
plants of the sugar factories. In 2003, the total energy consumption of biomass was 
distributed in 73%, 17% and 10% for firewood, baggase and bosta and yareta 
respectively (MINEM 2003, p15-16).
Table 2 summarises the potential, costs and characteristics of hydro, solar, wind 
geothermal and biomass sources in Peru. International costs for these technologies 
are also included. The table shows that costs per installed capacity of mini and 
micro-hydro and solar technologies in Peru are higher than the international market. 
It is important to mention that the Peruvian costs are merely based on the eight 
cases studied in this thesis and that the high range cost per installed capacity 
belongs to a very small plant -with 5kW of capacity-. The same occurs for solar 
photovoltaics, the Peruvian figure is based in 50 solar home systems being 
installed. The cost figures for wind technology are also very high in comparison to 
the international market. This is due to two reasons: a) the Peruvian costs are 
based in 1997 when the technology was more expensive than in 2003 (year of the 
study for international data) and b) the Peruvian data represents the experience of
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the first ever wind plants built in the country which always tend to be more 
expensive as experience in the technology is limited.
The Peruvian costs for grid extension show that it costs about 34 kUS$ per 
kilometre to reach rural villages. The grid extension alternative is feasible when 
there are significant number of villages close to each other or close enough to the 
national grid. For example; using the price ranges on grid extension, a village with 
780 people or 130 households (assuming 6 people/household) needs an 
investment of 130-169 kUS$ -at 1-1.3 kUS$/hh-. However, a micro-hydro plant of 
80 kW would be enough to supply electricity to the same number of houses. This 
would require a minimum investment of 120 kUS$ -at 1.5 kUS$/kW. This 
demonstrates that grid extension is not always the most economic solution for rural 
electrification. Hence, villages that are far away from the national grid are better off 
using descentralised energy systems considering the options for electricity sources.
Table 2 Renewable energy potential in Peru
Source Potential Costs Characteristics
Peruvian International Units
Mini and micro 
hydro
1000 MW 
(FONAM 2001)
o.i-0.3 n
1.5-9.7 (*)
0.05-0.1 (****) 
0.8-1.2 (****) 
1.2-1.6 (*******)
III
=3 
 ^
^
Most of its potential 
centres in the Highlands
Solar 4-6 kWh/m^/day 
(MINEM 2001)
0.9 (*) 
19.7 (*)
Unknown 
4.S-6.7 ( ™ )
US$/kWh
kUS$/kW
The greater solar 
radiation is in the 
Southern Highlands and 
Northern Amazon 
regions.
Wind 3-14
kWh/m2/day, up 
to 8.7 m/s 
(MINEM 2001)
1.5-2.0 (**) 0.03-0.08 (****) 
0.8-2.0 (****)
US$/kWh
kUS$/kW
The North and South 
Coast have the greater 
potential.
Geothermal 87-240°C 
(MINEM 2001)
Unknown 1.1-3.0 (******) million
US$/MW
Most of the Highlands 
region
Biomass
Firewood 
Baggase 
Bosta and 
yareta 
Agricultural 
and forestry
Unknown Unknown 1.3-3.6 (*****) kUS$/kW National production 
(MINEM 2003, pi 3-15): 
4.8 Mt or 73000 TJ 
2.7 Mt or 17000 TJ 
0.7 Mt or 10000TJ
unknown
Grid extension 1-1.3 (***) 
34 (***)
67 (***)
kUS$/hh
kUS$/km
USS/villlage
Data based on rural 
electrification in Peru
Notes:
(*) Refer to Chapter VI Finance analysis for the details of these figures. They are based on financial data from 
seven micro hydro plants and a set of 50 solar home systems.
(**) According to Del Buono et al. (1997, p4), the calculation is based in 100% of load factor. It is also assumed 
10% of interest rates and 20 years of equipment operating life.
(***) Data taken from Sanchez (2007) and the MINEM (2003) respectively.
(****) The costs for hydro are based on small hydro. Data taken from Renewable Energy World Vol. 6, No2, 2003. 
(*****) Data taken from average world wide prices, Rossetti (2006). For biomass, the costs are based on combined 
heat and power. Exchange rate: 1 Euro=1.3 US$ (December 2006).
(******) These figures are based in the US experience. Blauvelt (2006). 'Geothermal Power on the Rise'.
(*******) These figures are based in micro-hydro plants installed in Nepal.
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2.3. Privatised electricity sector
In the 1990s the Peruvian government introduced a reform in the electricity sector 
by privatising the production and distribution activities and by keeping the electricity 
transmission within the public sector administration (CONAM 2003, p55-56). The 
objective of this section is to discuss the privatisation reform of the Peruvian 
electricity sector during the early 1990s and how this reform has impacted the rural 
access to energy.
Until 1992, the Peruvian electric energy chain (generation, distribution and 
transmission) was run by one state owned company, ELECTROPERU. In that year 
a structural privatisation reform was incorporated to raise competition in the sector. 
By 2001, the total installed electricity capacity reached 4,703 MW (50% more than 
in 1995) of which 36% belonged to the state and the remaining to the private sector 
(OTERG 2001). At present, the Ministry of Energy and Mines (MINEM) is in charge 
of ensuring that the legal framework is enforced. Among its roles, MINEM also has 
to control the mid and long-term energy policies, including the policies on rural 
electrification and their implementation.
A report developed by Fundaciôn Bariloche (Kozulj et al. 2002) assesses the 
energy access in developing countries using case studies from Latin America and 
the Caribbean. It studies the impact of the privatisation reform on the poor. This 
study compares the changes occurred within urban and rural areas by using five 
main indicators. These are electrification levels, rates of growth, electricity 
consumption, tariff and expenditure. The study states that the electricity level in 
urban areas increased by 23% from 1990 to 2000 while in rural areas it improved 
only by 18%. In 1997, 72% of Peruvians had access to electricity while in 1991 only 
38%. This indicator shows that the electricity policy reform supports the growing 
access to electricity in Peru. Electricity availability in rural areas still remains behind 
due to the difficult geography of the country and the high financial investments.
The electricity rate growth until 1999 was an average of 8% per annum with 14% for 
rural areas; later it declined to an average 6% with 8% for rural areas. This fact was 
caused by the increment of irregular users and by the decline in connections rate 
and the low electricity coverage. These causes show the drawbacks of the
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privatisation reform on addressing the access to electricity in general in Peru and in 
particular in rural areas (Kozulj et al. 2003).
The report also states that in 1998, the electricity consumption per capita for the 
non-poor Peruvian was 165 kWh/month, while for the poor was only 49 kWh/month. 
It is important to note that a reduction on more than 20% in household consumption 
occurred by 2000 after the reform was introduced. Within 1991 to 1999 the 
electricity tariff for household users increased from 5 to 9 US$ cents/kWh. As a 
result of lack of data, the Energy access report assumes that the last indicator, 
electricity expenditure, increased. The assumption is based on the improved 
income distribution of the country and on the fact that the electricity tariff went up 
considerably. The later also explains the reduction on household consumption 
(Kozulj et al. 2003).
In terms of improvement of electricity access it can be said that the reform has 
helped to progress with respect to the past. This does not reflect how successful 
the reform has been as it has not favoured the poor neither the general household 
sector with the higher electricity tariff.
In 2002, the Ministry of Energy and Mines stated that 75%6 of the total population 
had access to electricity (MINEM 2002c). The distribution of access to electricity in 
the 194 provinces of Peru showed that mainly people in the coastal region had 
more than 60% access to electricity. At present (2005), a total of 8 million people 
live in rural areas from which 80% (6.5 million) do not have access to electricity.
2.4. Rural electrification in Peru
Rural electrification progress started in Peru in 1963 when the government and the 
US Agency for International Development agreed on technical cooperation to 
implement a Pilot Plan for Rural Electrification in Mantaro -Highlands region. 
Through this plan 70 villages had installed off-grid diesel generators. In 1997, 
ELECTROPERU was created as a public enterprise to which will be incorporated all
6 The Plan for electrification rural uses the term coefficient of electrification as the percentage of 
Peruvian population with access to electricity; for the disseration/chapter this coefficient will be used 
percentage.
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the services from the country. The intention then was to develop a national 
electricity plan which will be rational and sustainable. However, the state company 
during the first years focused in solving the critical situation of the principal services 
-generation, upgrading transmission lines and quantifying the electricity service 
available (MINEM 2004a).
In 1982 the General Electricity Law -No 23406- was published containing three 
objectives (MINEM 2004b): a) To master an electricity plan for the country which 
focused on the development of the large generation centres and the enlargement of 
the grid systems, b) To create a business plan for regional electricity companies 
with the aim to target investment for the expanding and upgrading the existing 
services, c) To develop a national plan of expansion of the electricity border aiming 
to extend the services to places without electricity. The last objective related to rural 
electrification; indeed since the creation of this law a systematic planning of 
electrification projects to benefit communities lacking the service was developed. 
However, in 1988 the state transferred the activities from the national expansion to 
the regional companies. This and the low governmental budget did not allow 
increasing the electrification rate as it was expected; this rate grew only 5% in 9 
years, from 1981 -based on 48%- to 1990 (MINEM 2004b).
The changes within the sector and the economic crisis created a rather bigger 
problem as the electricity generation capacity in the country was bellow the 
demand; in 1991 the generation deficit reached 20% in Lima and 30% at the 
national level. Under these circumstances the Peruvian government applied two 
plans; a) creating the Fund for Electricity Development of Social Interest or FODEIS 
-Fondo de Désarroilo Electrictico de Interes Social- to reactivate the expansion of 
the electricity border; the construction of a 200 MW thermal plant in Lima plus the 
upgrading of thermal systems were the main projects carried out, at that stage, with 
this fund, b) proposing the reforming electricity law which established a new rate 
system and initiated the process of privatization (MINEM 2004a).
In 1993, the government created the Executive Directorate for Electricity Projects or 
DEP -Direccion Ejecutiva de Proyectos- which is part of the Ministry of Energy and 
Mines and holds financial autonomy. DEP, until now, is reponsible to plan and 
implement energy projects using special funds from diverse state and aid sources. 
It contributed to raise the electrification rate to 73% by 2000 (MINEM 2004a).
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In 2002, the DEP developed the Peruvian Plan for rural electrification (MINEM 
2002c). The objective of this plan is to expand the electric borders and to provide 
electricity to 91% of Peruvians by 2012, see Figure 1, by applying appropriate 
technologies to rural areas. The plan states that these technologies should 
minimise investment costs. Its aim is to support the social-economic development 
of rural communities by attracting private investors, by applying sound technologies 
such as renewable and by protecting the environment. The funds for this plan would 
come from different sources; 2% of the profits from electricity companies, 25% of 
the resources obtained from privatising national electricity companies, transfers 
from public funding, external funding and others. A total of 336 projects have been 
identified, furthermore stand alone grids, solar and wind technologies will be 
implemented. A total of 4.2 million people will benefit. The total investment required 
is 960.4 US$ millions. The following table introduces the overall breakdown of the 
rural electrification plan for 2003-2012 (MINEM 2002c):
Table 3 Peruvian rural electrification plan (2003-2012)
Type of project Units Aim Progress in 2003 (*)
Total investment US$ 960.4 43.4 (4.5%)
Transmission lines km 2,928 0
Small electric systems km 26,567 591 (2.2%)
Hydro central systems kW 7,277 0
Termic systems kW 4,680 0
Photovoltaics systems kW 6,100 0
Wind systems kW 6,200 0
Benefited people 4,227,057 154,000 (507 towns)
Source: Plan de Electrificacion Rural-Peru, MINEM (2002c).
(*) Projects carried out in 2003, MINEM (2004c).
However, the fact that a rural electrification plan is a positive starting point, it does 
not ensure that in 2012 more than 90% of Peruvian will have access to electricity, 
as the commitments of the plan for 2003 demonstrate. Figure 1 shows that the plan 
of electrification levels for 2003 was 78%; however, the total achievement for that 
year reached only 76% (1% more than the baseline in 2002). As far as the plan is 
concerned, the chances for the total implementation of its aim remain uncertain. 
Indeed, the Plan for Rural Electrification has been replaced in August 2004 by a 
new plan which has the same aims such as achieving electricity access to more 
than 90% of the population; however, the period planned has been extended until 
2013 (rather than 2012) (MINEM 2004a).
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Figure 4 Projection of the Peruvian electrification plant (2003-2012)
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2.5. Incentives for rural electrification in Peru
These section provides an overview of three types of incentives to support rural 
electrification: concessions, subsidies and legal framework. It also discusses the 
related activities at Peru level and provides recommendations.
2.5.1. Concessions to ensure rural energy service
Concession models allow a limited number of bidders to compete for an exclusive 
right to serve the market (Reiche et al. 2000 and Cho et al. 2003, p24). This type of 
approach to rural electrification is currently being tested in South Africa (ERC
2004), India (Hansen et al. 2003), Brazil (ESMAP 2005), Argentina (Covarrubias et 
al. 2000) and Chile (Cho et al. 2003), Cape Verde, Togo, Benin and Bolivia 
(Martinet et al. 2001 and 2002). The main advantages of the concession approach 
with private dealers are as follows (Reiche et al. 2000): it creates a market of 
sufficient customers for commercially sustainable business, attracts larger and 
better-organised private companies with their own sources of funding, permits 
easier administration and regulation, involves good potential for reducing unit costs 
of equipment (through volume discounts), transaction, operation and maintenance 
ensures service to the user over a long period. For example, a 10-year minimum 
contract life for the concession would be possible.
Concessions are mentioned in the Peruvian Electrification Plan (MINEM 2002c,
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pp15), which proposes two main tasks: a) extending the grid -with transmission 
lines and distribution centres- and b) implementing off-grid systems -such as mini 
hydro, small generators, wind and solar technologies. Grid expansion, however, is 
the main focus to date of the energy work in Peru for which national 
concessionaires are involved7. These are usually the privatised electricity 
companies8. However, the off-grid systems plan is in its early stages -E.g. 
feasibility studies- and international companies are bidding only to implement the 
projects. This shows that the current energy policy in Peru is supporting the 
established large enterprises and it is not creating incentives for small ones. It can 
be argued that the lack of technical expertise in the country is the reason; however, 
the long-term sustainability of the off-grid systems appear to be at risk if only 
international concessions are given to develop the projects but not to follow up the 
running and administration of them.
Concessions for rural electrification in Peru should include the study, development 
and management -administration, O&M, metering and billing- of energy plants in a 
specific area or region for a long period. E.g. no less than 10-15 years when it is 
estimated that the plant can be sustainable and when a new concessionaire can 
follow up the programme. Experience with rural energy service concessions is so 
far limited and there is still a long way to go to understand the best practice of which 
local conditions support this approach. A report on rural electrification suggests that 
the main conditions in creating concessions are (Reiche et al. 2000):
• Terms of concessions and mechanisms for terminating them
Klein (1998) establishes two important aspects to consider under a concession 
contract for rural electrification: the design of incentives and the risk of allocation. 
The first affects the intensity of the competition among concessionaires and the 
second, the sustainability of the original contract. Clear regulatory frameworks are 
required to assure successful concession models. For example, concessions can 
be given for an entire region ensuring the volume of costumers and electricity sales.
7 Under the national regulations, an Electricity Concession Law of 1992 establishes that a 
concession is required in Peru to generate more than 10 MW of electricity (ESMAP 2001,
p6).
8 For example, Electro Sur Este S.A.-electricity company serving the Southeast regions- is 
implementing two distribution projects in their development stage; Espinar and Grau 
(MINEM 2004c, p7).
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However, minimum contract periods should be required that include penalties if 
they are not met.
• Bidding process design
The process of bidding for concessions should account for the existing rural energy 
service experience. For example, the Peruvian case shows not much expertise in 
development and management of rural energy projects. Hence, the concession 
framework needs to encourage the few NGOs and research institutions already 
involved in this area and also to attract new private enterprises. Subsidies to certain 
energy technologies can attract participation of local organisations. Transparent 
and simple bidding process ensure that enough bidders will bid for a concession 
contract. A standard for quality of service delivery should be required from binders, 
which specifies technology standards, generating and demand capacity, tariffs, 
long-term sustainability and O&M procedures.
• Regulatory agency performance
Clear rules to ensure accountability and political independence -to  ensure a clear 
and honest process- for concessionaires are needed to achieve the rural energy 
services objectives. These should be specifically designed for this type of 
concession and should apply to the life cycle of the energy services from the 
bidding to the admission of a replacement concessionaire.
• Capacity building
Capacity building for rural energy service is required at different sectors: 
concessionaires, regulators, government and end-users. The first two will require 
skills and tools to find out the most cost-effective solution for each rural village. 
Apart from assuring quality of the energy service by verification and contracts 
guarantees they also have to enable village participation to implement and run the 
electricity technology successfully. The government should commit to building up 
institutional models at regional and local levels to allow supporting small energy 
systems with the project idea, local training and participation.
• Bundling of rural services
Bundling basic services -grouping water supply, roads, health care, education and 
energy projects- for rural villages can contribute to rural household income growth
121
Chapter III Context to Peru and energy projects
(ESMAP 2001) and to reduce transaction costs due to customer contacts (Reiche 
et al. 2000). In Peru, a social government programme implemented between 1994- 
1997 suggests that bundling two, three and four services increases income growth 
by 3, 10 and 15% respectively (ESMAP 2001, p3). This shows that rural 
electrification success should not be looked at isolation as it depends on different 
aspects such as village accessibility, education level and others. Hence, an 
integrated strategy aiming to support rural development is required; this can also be 
promoted through concession mechanisms. For example: energy projects that can 
be used to generate household income would support the willingness to pay for 
electricity service and affordability levels of villagers. If the village has road access 
there is a higher chance of capturing markets from other villages and lowering 
supply costs of raw materials or products.
These basic conditions could be applied to the Peruvian rural electrification strategy 
to improve the actual concession process and to ensure sustainable service 
delivery.
2.5.2. Subsidies to promote rural electrification
Generally subsidies are applied when governments decide to reach the poorest of 
society with development projects when these activities are no financially feasible. 
They have to be carefully planned to ensure private sector investment and a 
sustainable rural electrification market. Argentina, Chile, Nepal and Thailand have 
used rural energy subsidies. For example, in Argentina up to 10 kWh/month of 
household consumption is subsidised (Reiche et al. 2000). In the 1990s the Chilean 
government started subsidising companies involved in off-grid -including 
renewable- rural electrification projects on a competitive basis. In Nepal subsideis 
are available for systems up to 100 kW and cover approximately 20-25% of the total 
investment cost (Khennas et al. 2000, p43). The subsidy assesses the social 
objectives and investment criteria of the energy proposal (Jadresic 2000).
In the case of Peru, a type of subsidy for rural electricity has been applied since
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20019, under this a 50% discount on electricity consumption <30 kWh/month per 
family is applied (MINEM 2002c). Mainly the grid electricity users benefit, as the off- 
grid projects such as the one studied in this work would not qualify for the fund. 
Even with the existence of a free electricity market, this situation shows that there is 
a problem in helping the very poor in rural Peru. Hence, it is recommended to the 
Rural Electrification Plan of Peru to check up the current subsidy strategy for 
financially unattractive technologies -such as small hydro, solar and wind-. 
Subsidies can support the rural energy market and can target the rural poor. 
Including the local community’s participation to create ownership and to allow 
understanding of the relationship between the sustainability of the energy systems 
and the importance of their willingness to pay for the service.
2.5.3. Legal considerations to promote private participation
In Peru under the electricity regulations plants of less than 0.5 MW of capacity are 
required only to notify the government for their implementation; hence, no permits 
are needed. Tariffs for these systems are not regulated, and large or small 
companies are subject to the same tax system. Guidelines for electricity fees in 
rural areas would reduce investor risks and would help user willingness to pay. 
Reduction or exemption of taxes for small energy services in rural areas is 
necessary because they provide basic needs to society in a very low quantity. A 
flexible efficient process for tax payment is also needed to reduce administration 
costs of the energy services. Now administrators need to be trained to carry out the 
tax statements that are submitted every month. E.g. Quarterly or yearly reports 
should be allowed for small energy services. Appropriate legal standards for rural 
electricity services should be developed to encourage private participation in 
investing and managing small systems to ensure long-term sustainability.
3. The CDM in Peru
In September 2002, Peru ratified the Kyoto Protocol; the government has been 
active in a range of activities that support the aims of the climate convention and 
the protocol. The main activities at institutional level are as follows (Cigaran et al.
9 This subsidy is know as the Fund of Social-Electric Compensation (Fondo de 
Compensacion Social Electrico-FOSE) and was introduced in November 2001 (MINEM 
2002c).
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2004, p20-25): a) participating in the UNFCCC negotiations starting from 1996 -at 
COP-2; b) implementing a climate change unit in 1998 with the role to promote 
knowledge and awareness on the issue; c) creating the National Climate Change 
Comission in 1999, which involves eleven members from public and private sectors; 
d) submitting the first National Communication in 2001; e) establishing the Peruvian 
Designated National Authority, in 2002, which is the National Environmental Council 
or CONAM; f) developing the National Strategy Study in 2003 which was 
incorporated in the country’s environmental plan; g) creating environmental offices 
in each ministry, that report and submit proposals for CDM projects to CONAM.
3.1. Peruvian CDM institutions
3.1.1. National Environmental Council or CONAM
In 1994, CONAM -Comision Nacional del Ambiente- was created as the first 
Peruvian environmental authority operating with public funds. This institution rules 
the national environmental policies among which climate change is included. The 
climate change team has about five members most of which have been trained 
either nationally or internationally.
CONAM as the Designated National Authority has the responsibility to monitor and 
register CDM projects and to comply with the Executive Board decisions. Hence, it 
is in charge of the CDM project approval process. CONAM also assesses the 
sustainable development criteria of CDM projects on case-by-case basis. This 
assessment focuses on five aspects (CONAM 2003):
• Compliance with the Peruvian EIA -Environmental Impact Assessment- 
regulation
• Consistency with specific sectors and Peruvian development plans.
• Consistency with the Peruvian environmental agenda
• Application of proven technology
• Consideration of the stakeholders’ needs and the local community
In Peru, the process of approving a CDM project under the sustainable 
development criteria requires a letter of project approval and a report of the
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potential CDM project report. This report is discussed in an Ad-Hoc committee 
meeting. This committee decides whether the project passes the sustainable 
development test or not. The committee has two types of members; permanent and 
project-related. There are five institutions taking part as permanent members 
(Cigaran et al. 2004, p23); CONAM, the National Environmental Fund or FONAM, 
the state Office for Promotion and Private Investment or Proinversion -Oficina de 
Promocion e Inversion-, the Ministry of Foreign Affairs and the International 
Cooperation Agency. FONAM and Proinversion also have the task to promote the 
CDM by supporting national and international project developers on designing a 
CDM project idea. The project-related members are at least four; the related 
ministry to the project, an NGO representing local community, a national expert on 
EIA and other experts. CONAM states that its CDM country approval process takes 
45 days with no charge for the project developers (Cigaran et al. 2004, p23).
3.1.2. National Environmental Fund or FONAM
FONAM -Fondo Nacional del Ambiente- was created by the government in 1997 as 
a non-profit organisation of public and social interests. The role of this institution is 
to promote investment that encourages environmental projects. It focuses on five 
main areas (Justo 2004); energy, transport, forestry, environmental liability and 
waste and waste management. About 25 staff are part of this institution and 20% of 
them are trained on the CDM context.
FONAM promotes CDM Peruvian projects and identifies their financial funds. It also 
supports project developers with creating CDM project ideas notes10 and it deals 
with the commercialization of emission units -CER. FONAM is recognised by the 
Prototype Carbon Fund of the World Bank as the focal point of its activities in the 
country. The key CDM related activities carried out by FONAM are (Justo 2004): a) 
organising an international workshop on potential Peruvian CDM projects (2002) b) 
participating in the Dutch CDM tender -CERUPT- in 2003, which selected a set of 
Peruvian hydro projects.
10 A project idea note is a short document which provides indicative information of the potential CDM 
project. It covers the main characteristics of the project, the amount of emission reductions, the 
financial data and socio-economic and environmental justifications.
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The following summarises this institution’s current activities (FONAM 2004): 
e Capacity building to manage climate change and air pollution impacts- 
PROCLIM; FONAM is contributing with the inventories and mitigation aspect of 
this two-year project that aims to support capacity building to manage the 
impacts of climate change and air pollution11. This project started in 2004 and it 
is funded by the Dutch embassy of Peru. The task of FONAM is to improve the 
capacity in the country to elaborate CDM projects by identifying possible CDM 
activities and by supporting project developers in the CDM project cycle and in 
finding finance.
• Transportation project in Lima and Callao; this project aims to reduce pollution 
from transportation sources in the capital of the country and its neighbour city of 
Callao. The activities that are being applied to achieve the projects’ aims are to 
qualify and quantify pollution sources of public transport, to create a bikeroad 
network and to build up institutional capacity within the local councils. This 
project is funded by the Global Environmental Facility.
• Carbon sink portfolio of projects; this is being carried out in collaboration with 
Ecuador as the potential projects lie in the border of the two countries. It aims at 
elaborating a LULUCF projects’ portfolio and at finding their financial sources. 
The project is funded by the Global Mechanism fund which is part of the United 
Nations Convention to Combat Desertification-UNCCD.
3.1.3. Office for Promotion and Private Investment or Proinversion
Pro Inversion -Oficna de Promocion e Inversion- is a government agency created in 
2002 to promote private national and foreign investment. It is in charge of providing 
guidance services to investors, suggesting national investment policies, registering 
foreign investments and coordinating international investment treaties. Within the 
CDM this agency has the task to coordinate and promote the investment of on 
Peruvian CDM projects. This task is achieved by disseminating economic country 
data and CDM potentiallity to investors, by representing the private sector position 
in the climate change negotiations and by facilitating communication between the 
different CDM actors (Cigaran etal. 2004, p15, 29).
11 This project covers three aspects of capacity building; vulnerability and adaptation, spreading of 
information and training as well as inventories and mitigation.
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The following table summarises the key functions for the three major CDM 
institutions in Peru:
Table 4 Key functions of the Peruvian CDM institutions
Provide 
CDM info
Ensure legal 
framework
Capacity
building
Support 
technical 
info -P IN , 
PDD
Approve
CDM
projects
Market
CDM
Promote
financing
Develop
SD
criteria
CONAM X X X X
FONAM X X X X
Proinversion X X
Source: Adapted from Ellis et al. (2004, p25)
3.1.4. Other institutions
There are three main forest related institutions are also involved in CDM forestry 
activities in Peru. INRENA -Institute de Recursos Naturales- is the forest authority 
in the country. PROFONANPE -Fondo Nacional para Areas Naturales Protegidas- 
and FONDEBOSQUE -Fondo de Promocion del Desarrollo Forestak
In the energy sector, there are two main bodies participating in the CDM activities. 
CET-Centro de Eficiencia Tecnologica- is an organisation that promotes clean 
technologies and the CDM at industrial level. CONCYTEC -Consejo Nacional de 
Ciencia y Tecnologia- supports research on cleaner technologies and it is now 
creating a connection between manufactures of clean technologies and potential 
clients in order to find out potential CDM activities (CONAM 2003, p91-92).
3.2. The National Strategy Study
The first National Strategy Study for the CDM was published in July 2003, the 
purpose of this study focused on the following (CONAM 2003): a) to identify CDM 
project potentiality in Peru, b) to identify country financial options and c) to develop 
national CDM strategies (CONAM 2003, p10). The Peruvian CDM portfolio is 
discussed below. The study explains that the CDM financial options within Peru are 
low and subject to foreign investment. This is due to the fact that Peruvian 
companies have a low level of capitalization and joint ventures would be needed to 
finance CDM projects with a high carbon component. Financial institutions in Peru 
are still not motivated to get involve with CDM activities; hence, local investors have
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low chances of funding through this way (Salazar 2005). Regarding the national 
strategies to promote CDM projects, the study proposes three main strategies to be 
carried out (CONAM 2003, p13-14): a) disseminating information on the CDM in 
order to reach Peruvian companies with potential for emission reduction projects 
and to inform the national financial system on the investment opportunities of the 
CDM. b) building local capacities to reduce transaction costs at private and public 
institutional levels, c) promoting rules to facilitate the capital and technology transfer 
to formulate a legal framework to regulate the CDM and to create legal conditions 
for facilitating financing CDM projects.
3.2.1. CDM Portfolio in Peru
The First Peruvian National Communication to the UNFCCC was published in 2001; 
this presents the GHG national inventory which is based in 1994 data. The 
inventory accounts a total of 100 MtC02e emissions, two thirds of which orginates 
from agriculture, waste and land use change activities -non-energy sector- and the 
rest, from fuel combustion, transportation and industry -energy sector (CONAM 
2001, p15). This inventory served as starting point for a series of activities that 
support specific sectors with potential for climate mitigation and oportunities. Based 
on these findings a group of experts from different sectors gathered to prepare the 
National Strategy Study and to propose a CDM portfolio.
To date the CDM portfolio consists of 26 projects that are divided into two 
categories; energy and forestry (FONAM 2004). The first category has 21 projects 
that are distributed into four main sectors; hydroelectricity, transportation, waste 
management and biomass. These projects are to reduce 3.5 MtC02/year, requiring 
a total investment of nearly 900 millions US$. Hydroelectricity projects account for 
47% of the total annual emission reductions, followed by transportation projects 
with 27%, waste management, 22% and biomass with only 2%. From the 26 
projects only one is a small-scale hydro plant of 5 MW and all of them are to be 
located in urban areas mainly in the Coastal region of the country where industry is 
centered.
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Figure 5 Peruvian CDM portfolio: Energy sector
Hydro
47%
The forestry category identified five potential projects within afforestation and 
reforestation activities. They aim to reach 28,000 hectares of land and to achieve 
110 ktC02e/year of reductions for which an investment of 28 millions US$ is 
needed.
As to the end of October 2005 the first Peruvian project has been registered in the 
CDM Executive Board, this is a small grid hydro plant. A large hydro project is 
queuing for registration and one small fuel switch project has been withdrawn 
(UNFCCC 2005e).
3.3. CDM and small-scale projects in Peru
So far the Peruvian government has been very active in setting up institutional 
capacities to deal with the climate change policies, especially the CDM. This allows 
flexibility and support for overcoming the transaction costs of small CDM projects as 
the subsidy of approval costs, the promoting institutions and the trading capacity 
demonstrates. However, support on approving and promoting small projects is still 
needed; under the national strategy CONAM recognises the national potential for 
small activities but it does not mention a strategy to promote these projects 
(CONAM 2003). In Peru there is the willingness and capacity to support CDM 
implementation in general, but it still lacks of institutional capacity to bundle small 
projects.
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4. Project descriptions
This section introduces the region of Cajamarca where the projects studied in this 
thesis are located. The section is divided into four sub-sections: the first describes 
Cajamarca region, the second introduces the projects selected, the third presents 
each of the projects and the last discusses these projects.
4.1. Cajamarca region
Cajamarca is an Andean region located in the North East of Peru, which is about 
3,000 m above sea level. It is divided into 13 provinces and 127 districts with a total 
population of 1,395 thousand of inhabitants (Flores et al. 2000). During the dry 
season, which starts in May and finishes in September, the average accumulated 
precipitation (1995-1998) is 20mm/month. In contrary, during the wet season, from 
October to April, the average precipitacion is 91 mm/month (IGP 2002). The region 
main activities are within the agricultural and mineral sectors. It is recognized for 
producing diary products and for commercializing them to the major Peruvian cities. 
It presents the highest gold reserves of the country12. Cajamarca has been reported 
as the second poorest region, with 50% of the population living bellow poverty line, 
the communities studied are graded as very poor and poor areas (Flores et al. 
2000). It has the highest number of people without access to appropriate health 
service, sewage and electricity. The electrification rate is 33% (MINEM 2002c). 
More than 70% of its 13 districts have inadequate transport infrastructure.
Figure 6 Cajamarcan road to rural villages
12 The Peruvian Human Development Report states that Cajamarca presents 1.318 kg of fine 
gold/person (UNDP 2002).
130
Chapter III Context to Peru and energy projects
4.2. Selected projects
Here it is introduced the nine communities selected, they are located in 5 out of the 
13 provinces of Cajamarca. Under FONCODES poverty rate, these provinces are 
graded as very poor and poor (Flores et al. 2000). Eight of these communities are 
energy projects and one is a status quo community. The energy projects have all 
been developed by by a Peruvian NGO, Intermediate Technology Development 
Group or ITDG. The implementation of the projects was financially possible by an 
energy fund programme also organised by the developers in the form of loans. 
ITDG loan was possible through an Inter-American Development Bank Programme, 
which funded the creation of micro-hydro power -MHP- plants in Peru; the available 
fund was US$ 500,000 (Sanchez 1999, pp9-10).
The selection of the communities studied was based on location, technology use, 
capacity and use of the electricity. Technical and financial information for each 
project was collected by reviewing feasibility and projects’ reports and by 
interviewing developers and users. Visits to seven communities with MHP plants 
and one with 50 solar home systems or SHS (Table 5) were carried out. The 
surveys answered questions for the baseline and the abatement costs. They look at 
which fuels were used before the installation of the projects, what energy service 
was and is delivered, how much fuel was consumed, or is still being consumed, the 
amount of money spent on fuels or electricity, the amount of project investments 
and the sources of the investments.
Table 5 Projects in Cajamarca region
Province (*) District (**) Village Project name Technology
Cajamarca Cajamarca Porcon Atahualpa I MHP
Atahualpa II SHS
El Tinte MHP
Cajamarca Magdalena Yumahual Yumahual MHP
Cajamarca Cupisnigue Trinidad Trinidad MHP
Celendin Miguel Iglesias Chalân Chalân MHP
Hualgayoc Chugur Chugur Chugur MHP
Chota Conchân Conchân Conchân MHP
Hualgayoc Bambamarca Ahijadero Ahijadero Status-quo
(*) There are 13 provinces in Cajamarca region, four (30%) of which are included in this study. 
(**) There are a total of 127 districts in Cajamarca, seven of which are included in this study.
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4.3. Specific project descriptions
The objective of this section is to provide an overview to the communities and their 
projects and to understand how they were implemented and how they are 
managed. This information is based on feasibility studies, 2002 field surveys, 
interviews and observations.
4.3.1. Atahualpa I MHP
Atahualpa is a farming and industrial cooperative which is located in Porcon village. 
This village belongs to Cajamarca district, province and region. This cooperative is 
located 37 km from the city of Cajamarca. A car journey takes one hour; at present 
the road is paved. Atahualpa cooperative is at 2,750 m above sea level. The site 
has 12,800 ha of land (Santisteban 1995).
A total of 120 families live in the site (about 800 people, at 7 people/household). 
These families are known as members of the cooperative. They live under the 
cooperative system13; free shelter and basic services (such as water and electricity) 
are available to them. Part of the members’ workforce pays these services. Family 
members participate in the agro-industrial activities; men and women work in the 
different workshops.
Atahualpa cooperative is also a tourist attraction in Cajamarca, this as a result of its 
unusual community, attractive landscape, close proximity and easy access to the 
city. The cooperative has access to the basic services such as a health centre and 
pre, primary and secondary education centres together with potable water. 
Communication is available through the use of a radio transmitter and; nowadays, 
is very popular the use of mobile phones after the installation of a mobile phone 
antenna in the site. The average annual income is about US$ 1,380/year (S/ 
4,700)14. The principal economic activities in Atahualpa are agro-industrial.
13 The cooperative system in Peru was introduced in the 1960s by a dictatorial ‘left wing’ government. 
At that time, several industrially orientated cooperatives were established all around the country. In the 
1980s, this system was not going well because of lack of management and leadership and in the late 
1990s cooperatives collapsed. At present, Atahualpa cooperative is one of few, which has survived.
14 S/=Peruvian Nuevos Soles. The exchange rate used is 3.42 S/ per 1 US$ in 2003.
132
Chapter III Context to Peru and energy projects
Electricity service is available through a 35 kW MHP plant operating since 1992. 
The plant was installed to provide reliable and permanent energy to improve the 
development of a previously implemented agro-industrial activity. It replaced a 35 
kW diesel generator. The plant also provides electricity to 35 households. The rest 
of households are still using traditional fuels such as kerosene, candles and 
woodchips for lighting and cooking. The MHP plant was set up as part of a 
demonstration project that ITDG promoted in Cajamarca. The power from the MHP 
plant is used for productive activities, and for domestic and institutional purposes.
Table 6 Profile of Atahualpa I MHP plant
Department, Province, District Cajamarca
Settlement Porcon
Owner Atahualpa Cooperative
Plant capacity, Turbine type (*) 35 kW, Michell Banki
Start date: March 1992
Total project cost: US$ 90,000
No of domestic users and energy rate: 35 households, no charges
Use of energy: Lighting and machines:
2 carpentry workshops 
1 welding workshop
1 milk processing plant 
1 yoghurt plant 
1 cheese plant 
1 bakery workshop 
1 mill
1 woodcraft workshop
1 battery charging station 
Lighting and appliances:
3 restaurants
2 guesthouses
1 grocery shops 
1 Administrative building
1 health centre
2 churches
3 schools (only special days) 
35 households
Average energy demand:
Industrial use: 
Commercial use: 
Domestic use: 
Institutional use:
144,237 kWh/year
95,912 kWh/year 
32,443 kWh/year 
12,776 kWh/year (30.4 kWh/month/household)
3,107 kWh/year
(*) The type of turbine of the MHP plants are introduced below in Section 5.1. Micro-hydro technology
At present, the plant powers to 2 carpentry workshops, 1 welding workshop, 1milk 
processing plant, 1 yoghurt plant, 1 cheese plant, 1 bakery workshop, 1 mill, 1 
woodcraft workshop, 1 battery charging station. The MHP scheme lights 3 
restaurants, 2 guesthouses, 1 grocery shops, 1 administrative building, 1 health 
centre, 2 churches, 3 schools. Besides, 35 households receive electricity for lighting
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and to run few domestic appliances. The rest of the families do not have access to 
electricity due to their spread locations, the houses are dispersed around the site.
This MHP plant powers small-scale industrial applications. It was estimated that in 
2002, the energy consumption was 144 MWh from which 95 MWh was used for 
industrial purposes15, 32 MWh for commercial use, 12 MWh for domestic use (365 
kWh/household/month) and 3 MWh was used by institutions. The plant provides 
energy for industrial purposes from 8 to 17 hours and for domestic purposes from 
18 to 21 hours. Down times of the MHP plant can occur during the dry season 
(July-October) when the water availability is lower than during the rainy season.
Figure 7 Atahualpa I MHP plant
The MHP was financed with contributions from the Peru-Canada Countervalue 
Fund, ITDG and the Atahualpa Co-operative, which provided US$ 68,000; 10,000 
and 12,000 respectively. The first two contributions were given as grants and the 
last one, as an investment from the owners. ITDG committed to supervise the 
works from start to finish and to train the operating and maintenance staff 
(Rodriguez 2002).
Atahualpa I MHP plant is managed by the cooperative. Under the co-operative 
terms the users of the electricity do not pay fees as it is deducted from their labour. 
The 35 households consume only 10% of electricity; the rest is used mainly for
15 Assuming 5 working days per week and 52 weeks per year and considering the average number of 
hours used per machine
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production and commercial activities. Only one main electric meter is installed, 
which was not working during the visit of the plant. One operator is in charge of the 
plant. An average of four times per year the plant is maintained. The co-operative 
management model shows lack of regulations, order and control; the administration 
of the plant is confused within the administration of the co-operative.
4.3.2. Atahualpa II SHS
The set of SHS systems is located in Atahualpa cooperative, where Atahualpa I 
MHP is also located. However because of the household distribution access to 
electricity via the MHP plant is not possible.
Atahualpa II SHS project is a set of 50 solar panels, which are installed in 50 
households. The systems are of 50 Wp of capacity, they include three energy 
efficiency bulbs of 11W each. In 2000, the project idea initiated the initiative of the 
cooperative management committee that asked ITDG developers to carry out a pre­
feasibility study of the site (ITDG 2000). The objective of this study was to find out 
the best energy alternative for these households, ITDG recommended the 
application of solar technology as best economic resource. In 2002, the set of SHS 
were implemented to provide basic domestic lighting.
The costs of the project were covered by a loan supplied by the developers. The 
loan is of US$ 37,500, to be paid in 3 years at 10% of interest rate. The loan was 
obtained by the cooperative; however, the users have to pay it as the owners of the 
systems. The cost of each system was US$ 750.
Table 7 Profile of Atahualpa II SHS
Department, Province, District Cajamarca
Settlement Porcon
Owner Atahualpa Cooperative
Capacity 50 Wp/SHS
Start date January 2002
Total project cost: US$ 37,500, US$ 750/SHS
Loan from ITDG (Inter-American Development US$ 37,500
Bank Programme)
Interest and payment period 10%, 3 years
No of domestic users and energy rate: 50 households, no charges
Use of energy: Household lighting and appliances
Average energy demand: <3,000 kWh/year, 60 kWh/year/hh
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The users are the owners and operators of the systems. The developers provide 
technical support during the first years of operation of the panels. The users were 
trained to operate their solar systems. The cooperative, as an institution, assisted 
the users to obtain the ITDG loan. After the completion of the loan payment, the 
users will be the complete owners of the systems and they would not have to pay 
service fees. In average the annual energy consumption is 60 kWh/hh.
4.3.3. El Tinte MHP
El Tinte MHP is also located in Atahualpa cooperative. In 1996 El Tinte MHP plant 
started its operation with 14 kW of capacity. As a result of technical problems the 
plant was not operating properly and in 1999 a decision to change the type of 
turbine was taken. Now the plant powers 1 household and 1 milk processing plant 
together with a mill and a battery charging station. The electricity demand is about 
16 MWh/year.
The MHP was financed with by Atahualpa cooperative and with a loan from ITDG, 
the first contributed with US$ 5000 and the loan was for US$ 30000, at a rate of 
6.5%/year during 3 years (ITDG 1999). El Tinte MHP plant belongs to Atahualpa 
cooperative, it is managed under the same model of Atahualpa I MHP plant.
Table 8 Profile of El Tinte MHP plant
Department, Province, District Cajamarca
Settlement Porcon
Owner Atahualpa Cooperative
Plant capacity, Turbine type 14 kW, Pelton
Start date September 1996
Total project cost: US$ 35,000
Loan from ITDG (Inter-American Development 
Bank Programme)
US$ 30,000
Interest and payment period 6.5%, 3 years
No of domestic users and energy rate: 1 household, no charges
Use of energy: Lighting and machines:
1 milk processing plant (800 kWh/year)
1 stone grain machine (10,000 kWh/year)
1 battery charging station & others (5,340 
kWh/year)
Lighting and appliances:
1 household (281 kWh/year)
Average energy demand: 16,421 kWh/year
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4.3.4. Yumahual MHP
Yumahual is located at 1,800 m above sea level in Magdalena District, the site is 
about 40 km away from Cajamarca city; a trip by car to the plant takes 1 hour as the 
road is paved. Magdalena is rated as a ‘very poor’ district in Peru (Flores et al. 
2000); however its easy access to the city allows developing new businesses.
Yumahual MHP started its development in 1995 and finished in August 1997. This 
project was carried out between ITDG as developers and the owner of the plant -Mr 
A Sangay. ITDG had the task to carry out the civil work together with the 
installation of the electro-mechanic equipment. It also had the responsibility to 
provide operational and maintenance training. The owner was involved with the 
installation of the distribution lines and he now manages the plant.
Yumahual MHP plant is devoted to power a broiler chicken farm, which also 
belongs to the same owner. The initiative to incubate fertilised eggs was promoted 
as an across the board business strategy aimed at reducing costs by incorporating 
activities and/or processes, thus severing the dependence on suppliers of broiler 
chicks from other regions of Peru (the closest supply city of broiler chicks is located 
at 600 km away from Yumahual).
There is one person operating the MHP plant who is also responsible for the entire 
process of incubation and hatching of baby chicks, as well as for selling soft drinks.
Table 9 Profile of Yumahual MHP plant
Department and Province Cajamarca
District and settlement Magdalena, Yumahual
Owner Mr A Sangay
Plant capacity, Turbine type 11 kW, Pelton
Start date August 1997
Total project cost: US$ 34,200
Loan from ITDG US $ 30,000
Interest and payment period 6.5%/year, 5 years
Use of energy: Operation of an incubating chicks plant 
Battery charger
Fridge appliance to sell soft drinks 
Lighting premises and operator house
Average energy demand: 74,880 kWh/year (6,240 kWh/month)
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The investment in the MHP was US$34,200; part this was financed with a loan of 
US$30,000 from ITDG, through an International Development Bank Fund 
Programme. The investor contributed with 12% (US$4,200) of the capital costs 
(ITDG 1996a).
The owner administrates the plant, he employs one full time staff, which operates 
the MHP plant and the production site. The 11 kW plant runs 24 hours/day; 
however, during the dry season, its effective capacity is only 4 kW. Therefore, the 
MHP plant could have a maximum annual production capacity of 74 MWh/year 
considering 30 days/month and 12 months of operation. No electric meter was 
installed in the plant. The figures of energy demand were estimating based on the 
use of the machineries and appliances. It is worth noting that there were 
maintenance problems as rocks shifted due to rainfall, causing the plant to stop 
operating on four occasions when it was necessary to resort to a small generator.
4.3.5. Trinidad MHP
Trinidad is the capital of Cupisnique District, which belongs to the Province of 
Contumaza. The closest big town is Tembladera and it is about 25 km of distance 
from Trinidad. However as a result of poor road infrastructure, earthen road, a car 
trip takes 1-2 hours. About 1,930 people live in Cupisnique district (INEI 1999); this 
is rated as very poor (Flores et al. 2000). It is known that in 1999 more than 98% of 
the population did not have access to electricity (MINEM 2002c).
More than 70 families live in Trinidad, they have access to a health centre, primary 
and secondary schools and public institutions such as a district town hall, a peace 
court and a police centre. The principal economic activities in this village are 
basically agriculture and animal husbandry (ITDG 1996b). In Trinidad, the average 
annual income is about US$ 750/hh16.
In the near future, the national grid will provide electricity to the community of 
Trinidad. In early 2004 the national grid started providing public light, the conection 
to the town was installed in 2002. It may still take a couple of years to complete the 
grid conection to the households.
16 This is based on data obtained from the door-to-door survey carried out during the field trip.
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In 1997 a MHP plant started its operation in Trinidad. This is a 4 kW turbine, which 
provides electricity to 22 households plus 1 kW turbine which powers a battery 
charger. The plant started providing basic electricity to 20 households. As a result 
of the service, eight new small businesses were created. Among them; three small 
grocery shops, a carpentry workshop, two new bakeries, a restaurant and a 
guesthouse. The electricity used in these premises is for lighting. During winter time 
the plant operates five hours and during summertime only three hours. Currently, a 
total of 12.1 MWh/year of electricity is consumed, from which 59% is used for 
lighting and the remaining for the charging battery service. The annual household 
consumption is 320 kWh/year17. The introduction of the MHP technology replaced 
burning kerosene and candles together with reducing charging car batteries. 
However, the rest of the households in the village are still using those typical 
lighting fuels.
In 1997, the private owner of this MHP plant invested US$ 1,000 received a grant of 
US$ 2,500 and a loan to of US$ 12,000 (to be paid in 5 years at 6.5% annual 
interest at capital repayment). This loan has not been re-paid until June 2004. The 
private owner administrates, operates and maintains the MHP plant. Training to 
administrate and operate the scheme was provided. This training was given at the 
initial stage of its operation. However, as a result of the unpaid loan instalments the 
owner of Trinidad has not been in contact with ITDG developers for technical 
advice. These issues resulted in having to solve technical problems without expert 
advice. In some occasions, the plant had to be shut for days. Furthermore, no 
provisions are made to deal with high cost technical problems.
Table 10 Profile of Trinidad MHP plant
Department and Province Cajamarca
District and settlement Cupisnique, Trinidad
Owner Mr Pretel
Plant capacity, Turbine type 5 kW, Pelton
Start date 1997
Total project cost US$ 14,500
Loan from ITDG US $ 12,000
Interest and payment period 6.5%/year, 5 years
Use of energy: Lighting for 22 households 
Battery charger
Average energy demand: 12,100 kWh/year (1000 kWh/month)
17 These figures are estimated from the field trip data. Access to recorded data from electric meters 
was impossible because the meter is not working.
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The owner faces two problems; the coming of the national grid to the village and the 
fact that the debt to ITDG Funding for energy projects. Despite that he continues 
operating the plant, refuses to payback any part of the loan and accepts legal 
responsibility knowing that part of his property (land where the plant is installed) 
could be lost. ITDG-Peru has tried to reach an agreement of payment by reducing 
part of the debt but this was impossible. The issue has been passed over to a 
debtors company. Early in 2005, the owner declared himself bankcarupt and the 
loan has been forgiven as the plant shrotly will be replaced by the national grid 
electricity. Hence, there are less possibilities for business opportunities as the 
national grid is cheaper than the electricity generated by this plant.
4.3.6. Chalân MHP
Chalân is the capital of Miguel Iglesias District, which belongs to the Province of 
Celendin. Chalân is located about 2,900 meters above sea level with a surface area 
of 236 km2. The closest big town is, also called, Celendin and it is about 62 km of 
distance from Chalân. As a result of poor road infrastructure (earthen road), a car 
trip takes five hours. About 7,010 people live in Miguel Iglesias district (INEI 1999), 
from which only 829 people (about 144 households) live in the capital (Chalân), the 
rest are dispersed into 21 small communities. FONCODES rates the Province of 
Celendin as a Very poor’ (Flores et al. 2000). At present, Chalân has access to the 
basic services such as a health centre and pre, primary and secondary education 
centres together with potable water and one public telephone. Basic electricity is 
also available through a MHP plant. The average income is about US$ 1,180/year. 
The principal economic activities in Chalân area are small-scale farming. Basic 
carpentry and welding workshops also exist together with few small grocery shops. 
The legal and financial institutions are located in Celendin town. The young people 
of Chalan emigrate to the cities such as Cajamarca, this is because of the lack of 
opportunities for employment and access to higher education.
In 1991, a 25 kW MHP project started by the initiative of a NGO called DIACONIA, 
a local committee and the local Council. At first, this initiative was to develop an 
irrigation channel to provide water for agricultural purposes to the population living 
in the area down of Chalân. This idea was transformed into a MHP plant project, 
which would allow both; the generation of electricity together with the creation of the
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irrigation channel. The project work was going on very slowly until 1993 when ITDG 
was asked to provide technical advise. Following this, a cooperation covenant 
between the local Council, DIACONIA and ITDG took place. This covenant had the 
objective to develop a 25 kW MHP plant to generate basic electricity for household 
use and to create an irrigation channel. Finally, in June 1995 the Chalân MHP plant 
started its operation providing electricity for domestic (initially 82 households), 
institutional and small-scale industrial activities (ITDG 1996c). At present, the plant 
produces energy principally for lighting. There are 87 households, 2 restaurants, 2 
guesthouses with 5 bedrooms each, 5 small shops, 3 bakeries, the town hall, the 
health centre and the police station that have access to electricity. 2 carpentry 
workshops, 1 welding workshop and 1 repair workshop, 3 mills, a dental practice 
and a battery charging station also profit from the energy of the plant. The 
households, small businesses and institutions mainly use the service for lighting 
purposes and to run appliances such as black and white TVs, blenders, etc. The 
workshops operate small machines such as compressors. It is important to consider 
that this village is very poor and the infrastructure is below a basic level. For 
example, only 1 PC is being used in the town hall and the schools only use a 
blackboard as teaching materials.
During the dry season the MHP plant works only for 3 hours/day and during the 
rainy season the service operates 12 hours/day. In normal conditions, the plant is 
shutdown for one-day maintenance every three months. Currently, the average 
energy consumption is 33 MWh/year, of which 90% is used for household lighting 
and the rest for services (battery charging and milling). The annual household 
consumption is about 316 kWh/year.
The total capital cost of the MHP plant was US$ 82,783. The users, the Council, 
ITDG and DIACONIA, financed the project. The users contributed with their 
manpower during the civil works; there were 4,318 working days needed. The users 
also paid connexion fees. The users manpower and the connexion fees summed 
US$ 37,183. The Council contributed with US$ 17,382; ITDG provided a loan of 
US$ 19,218 to the Council and DIACONIA supported the Council with a grant worth 
US$9,000 (ITDG 1996c).
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Table 1 Profile of Chalan MHP plant
Department and Province Cajamarca, Celendin
District and settlement Miguel Iglesias and Chalan
Owner Miguel Iglesias Distric Council
Plant capacity, Turbine type 25 kW, Pelton
Start Date April 1995
Total project cost: US$ 82,783
No of domestic users and energy rate: 87 households, 0.2 soles/kWh (4soles/month 
minimum rate)
Loan from ITDG (Inter-American Development 
Bank Programme)
Interest and payment period
US$ 19,218 
6.5%/year, 4 years
Use of energy: Lighting and appliances:
2 restaurants
2 guesthouses with 5 bedrooms each 
5 small grocery shops
1 town hall 
1 health centre 
1 church
1 police station
3 schools (only special days)
3 bakeries
Lighting and small machines:
2 carpentry workshops 
1 welding workshop
1 workshop to repair appliances
3 mills
1 dental practice 
1 battery charging station
Average energy demand:
Wet season (Oct-April): 
Dry season (May-Sept):
2,232 kWh/month, 25.7 kWh/household/month 
2,622 kWh/month, 31.5 kWh/household/month 
1,685 kWh/month, 21 kWh/household/month
During the first two years of the plant operation, a Community Management 
Committee elected by the villagers administrated the service. Due to internal 
irregularities, one of the committee members took part of the service funds, the 
Chalân Council, as the plant owner, decided to stop this committee and started 
managing the plant. It administrates and contracts two operators to run the facilities. 
The users pay US$ 1.2/month as a minimum domestic rate, assuming minimum 
electricity consumption of 20 kWh/month with a price of US$ c 5.8/kWh. A plant 
electric meter and 82 households electric meters are installed. The first was not 
working correctly at the time of the survey. The small businesses operate in the 
household premises; at the moment, there is not an industrial or commercial 
electricity rate running.
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4.3.7. Chugur MHP
Chugur is the capital of Chugur district, which belongs to the province of Hualgayoc. 
Basic road (earthen paved) access is available to reach the village. It has access to 
the basic services such as a health centre and pre, primary and secondary schools 
together with potable water and a short wave radio for communication. 
FONCODES (Flores et al. 2000) rates this district as poor. More than 120 families 
live in Chugur, their principal activities are agriculture and animal husbandry. The 
district is well known for the production of dairy products that are commercialised in 
the main cities of the coast of Peru. The average annual income is US$ 490/hh.
Basic electricity service is available through a MHP plant (75 kW) operating since 
1997. It powers 115 households. The project started with the council initiative to 
provide domestic light and electricity for production purposes. As a result of the 
plant introduction, the creation of 15 small businesses was possible. New grocery 
shops, restaurants, carpentry and welding workshops together with two cooling milk 
facilities and a cheese production workshops are among these new enterprises. 
The installation of a battery charging and a milling station was also possible.
The total project costs were US$ 90,200, funding came from a grant of US$ 55,200 
and a loan of US$ 35,000 (to be paid in 5 years at 6% annual interest at capital 
repayment) (ITDG 1998). ITDG provided the loan under an energy fund for rural 
areas; the council of Chugur is committed to repaying the loan.
The local authority owns and manages this plant, employing 2 operators; the plant 
administration is carried out as part of the council duties. The users pay US$ 
1.2/month as a minimum domestic rate, assuming minimum electricity consumption 
of 20 kWh/month with a price of US$ c 5.8/kWh. A plant and households electric 
meters are installed. The small businesses operate in the household premises; at 
the moment, there is not an industrial or commercial electricity rate running. An 
annual average of 30 MWh of electricity is consumed in Chugur.
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Table 2 Profile of Chugur MHP plant
Department and Province Cajamarca, Hualgayoc
District and settlement Chugur
Owner Chugur Distric Council
Plant capacity, Turbine type 75 kW, Pelton
Start date 1997
Total project cost: US$ 90,200
No of domestic users and rates: 115 households, US$ c 5.8/kWh
Loan from ITDG (Inter-American Development 
Bank Programme)
Interest and payment period
US$ 35,000 
6.5%/year, 5 years
Use of energy: Lighting and appliances:
2 restaurants
3 grocery shops 
1 town hall
1 health centre 
1 church
1 police station 
3 schools
3 bakeries
Lighting and small machines:
2 carpentry workshops 
1 welding workshop
1 cooling milk facility 
1 cheese workshop 
1 milling station 
1 battery charging station
Average energy demand: 30,000 kWh/year 
20 kWh/month/household
Figure 1 Chugur’s milk processing plant
4.3.8. Conchân MHP
Conchân is the capital of Conchân District, which belongs to the Province of Chota. 
The closest big town is, also called, Chota and it is about 25 km from Conchân. As 
a result of poor road infrastructure (earthen road), a car trip takes 2 hours. About 
5,914 people live in Conchân district (INEI 1999), from which only 640 people
144
Chapter III Context to Peru and energy projects
(about 160 households) live in the capital, Conchân (Vargas 1998). At present, the 
town has access to basic services such as a health centre and pre, primary and 
secondary schools, potable water and a public telephone. Basic electricity service is 
available through a MHP plant since 1995. The Province of Chota is rated as a 
poor province in Peru (Flores etal. 2000). In Conchân, the average income is US$ 
656/year. The principal economic activities are small-scale farming. Basic carpentry 
and welding workshops also exist together with few small grocery shops.
In 1995, an 80 kW MHP project started by the initiative of ITDG and the local 
council. The idea of this project was to provide electricity for households and small- 
scale enterprises. The installation of the plant took less than 3 years. Initially the 
MHP plant powered 104 households, institutional and small-scale industries. At 
present, the plant produces energy mainly for lighting. There are 160 households, 3 
restaurants, 1 guesthouse, 8 small shops, 7 bakeries, the town hall, 3 churches, 3 
schools, the health centre and the police station that have access to electricity. 2 
carpentry workshops, 2 welding workshop and 1 repair workshop, a dental practice 
and 3 battery charging stations also profit from the energy of the plant.
It was estimated that in 2002, the energy consumption was about 53 MWh from 
which 51 MWh was used for domestic applications (332 kWh/hh/year) and the rest 
for services activities1. The plant provides 24-hour service during all year. Few 
down times of the MHP plant can occur during the dry season (July-October) when 
the water availability could low. Once a month the plant is also shut for meter 
reading purposes, most of the houses have installed a meter reader.
The management model implemented in Conchân MHP is a pilot model established 
by ITDG-Peru and it is known as Management Services for Isolated Power Systems 
(Sanchez et al. 2001, p8). Within this model the local authority, as the owner of the 
plant, contracts a service company which is in charge of the O&M and 
administration (including fees collection) of the electricity service. This company is a 
private institution, which operates under a specific five years legally binding 
contract. In order to get the contract, the service company has to pass through a
1 Assuming 5 working days per week and 52 weeks per year and considering the average number of 
hours used per machine.
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public biding process. The proposals for contracting are evaluated by the local 
authority, a representative of the community and ITDG-Peru. One of the main 
requirements is to be a local institution. The management services employs three 
staff; the administrator together with two operators.
The total capital cost of the MHP plant was US$ 108,736. The users, the Council 
and ITDG financed the project. The Council invested US$ 37,736; ITDG provided a 
loan of US$ 18,000 to the Council and the rest was possible with a grant from the 
government (Rodriguez 2002).
Table 3 Profile of Conchân MHP plant
Department and Province Cajamarca, Chota
District and settlement Chugur
Owner Chugur Distric Council
Plant dapacity, Turbine type 80 kW, Francis
Start date 1995
Total project cost: US$ 108,736
No of domestic users and energy rate: 160 households
0.2 soles/kWh (4soles/month minimum rate)
Loan from ITDG (Inter-American Development 
Bank Programme)
Interest and payment period
US$ 18,000 
6.5%/year, 4 years
Use of energy: Lighting and appliances:
3 restaurants 
1 guesthouse 
8 small grocery shops 
1 town hall 
1 health centre 
3 churches
1 police station
3 schools (only special days)
7 bakeries
Lighting and small machines:
2 carpentry workshops 
2 welding workshop
1 workshop to repair appliances 
1 mill
1 dental practice 
1 battery charging station
Average energy demand: 53,000 kWh/year, 330 kWh/household/year
4.3.9. Ahijadero-Status quo community
Ahijadero is located in the District of Bambamarca, which belongs to the Province of 
Hualgayoc. FONCODES (Flores et al. 2002) rates this area as poor, the average 
annual income is US$ 800/household. The geography of this region is diverse as it 
presents more highland areas than flat ones. The roads to reach this village are 
basic, public transport are an option to use but are not reliable.
146
Chapter III Context to Peru and energy projects
About 110 families live in this village where there is not electricity access, potable 
water and health services. Basic sewage systems are installed. A public phone is in 
operation with the use of a solar panel. It has one primary and one secondary 
schools, 20% of the population are illiterate and only 4% have received higher 
education (ITDG 2002). The village has two governmental representatives; one 
from the central government -called Teniente Gobernador, and the second from the 
district government -who is know as Agente Municipal; both are selected by the 
locals in the general elections. Agriculture and animal husbandry are the main 
activities of the village, houses are dispersed and each of them has small parcels of 
land that are used to grow maize and to pasture ganado vacuno; both used for own 
consumption. A distintive activity in Ahijadero is also the production of wheat hats 
that are sold in the next big town of Bambamarca in the Sunday markets.
In Ahijadero the household energy is based in two sources; firewood for cooking 
and kerosene for lighting -only 16% of the families have an old battery, which is 
used for watching TV. Both sources are available locally; firewood is free and 
kerosene is sold (ITDG 2002, p12-14). The annual expenditure in energy is less 
than 9% of the household income.
Figure 2 A typ ica l Ahijadero's household
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4.4. Discussion of the Cajamarcan projects
Most of the communities introduced have similar energy baselines; kerosene and 
candles for lighting households; national grid electricity or small diesel generators 
(from the neighbour villages) for charging car batteries. Yumahual, El Tinte and 
Atahualpa I communities’ baselines are mini diesel generators to power a chicken 
farm, a cooling milk service and workshops respectively.
The projects introduced were selected because of their similarities and for their end 
use of electricity -domestic and small workshops. The following summarises the 
main characteristics of the plants and communities, see Table 14:
• The communities have access to the basic public services such as potable 
water, a health centre, a local authority, a police station and pre, primary and 
secondary schools.
• The poverty levels for these projects are between poor and very poor.
• For the energy plants, there are three types of ownership; private, co-operative 
and local authorities.
• The main activities of the villagers are agricultural, farming and public services. 
There are basic small-scale industries such as carpentry and diary production.
e The communities are isolated due to the lack of road access and transportation.
In such circumstances, supply of goods (including fuels) is difficult, expensive 
and not reliable.
« The water availability through the year varies within communities and this
affects the operation of the micro-hydro plants. For example, during the dry 
season -  from June to September- Trinidad and Chalan hydro plants operate 
only three hours daily. Chugur and Conchân plants however operate 24 hours 
per day throughout the year.
• Sunlight in this area is enough to charge a solar panel battery that runs for 3-4 
hours/day for lighting for Atahualpa II.
The main differences of the eight selected projects are their type of ownership, 
energy use and the finance sources used for their implementation.
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Table 4 Summary of selected Cajamarcan projects
Community Capacity
(kW)
Year of 
operation
Households
Past
(Present)
Poverty 
Level *
Ownership Energy use
Trinidad-MHP 4 1997 20 (22) VP Private Domestic
Chalan-MHP 25 1995 85 (94) VP Public
Chugur-MHP 75 1997 109(115) P
Conchan-MHP 80 1995 104 (160) P
Yumahual-MHP 11 1997 1 (D VP Private Industrial
El Tinte-MHP 14 1996 1 (D p Co-operative
Atahualpa l-MHP 35 1992 35 (35) p Industrial and 
domestic
Atahualpa ll-SHS 2.5 2002 50 (50) p Domestic
Ahijadero Status quo 116 VP
* P: Poor and VP: Very poor acording to FONCODES {Flores et al. 2000)
4.4.1. Type of ownership
The projects show that there are three variations in the type of ownership; private, 
public and co-operative. These determine the support the projects require, the 
objectives that they are attempting to achieve and even the costs at which they 
operate.
Private owners have played an interesting ownership responsibility that allowed 
new businesses to be created with an local electricity distribution. For instance, 
Yumahual MHP plant is a great example of a successful entrepreneurship idea. 
ITDG technical and financial intervention made possible the participation of private 
individuals in this region. However, private ownership has also its uncertainties. 
Trinidad MHP plant is a case that shows the risks that small businesses can face 
when the national grid is its major competitor. These risks can cause the clausure 
or failure of the plant. Hence, the chances to pay back the loan taken are minimum.
The community councils have played a particularly important role in owning and 
operating the micro-hydro installations. This is in a way due to the fact that they are 
the authorities that have access to the funds from the government and can also 
raise local financial resources through taxation. Chalan, Chugur and Conchân 
public owned micro-hydro projects show that the electricity services owned by the 
councils tend to provide greater coverage, higher number of households, than those 
owned privately or by the co-operative. This is because the local authorities justify 
their work by providing services to as many families as possible without considering
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much the market or industrial applications of the electricity power. For example; the 
three owned MHP plants are also the ones that are mainly use for domestic 
purposes. The political factor can show negative consequences as changes on the 
managing and operating staff occurs at each change of Mayor, which happens 
every four years. Apart from that, access to central government funds also means 
that Mayors do not have the pressure to recover the capital invested. Hence, to 
charge higher rates than private/co-operative projects and to increase tariffs. In fact, 
the three public owned projects present negative financial returns, see Chapter IV 
Sustainability assessment and Chapter VI Financial assessment, for a further 
discussion on this aspect.
The co-operative ownership establishes a ‘free’ electricity rate for the users of the 
MHP plant. The co-operative subsidies the electricity consumption for its users. 
This is due to the fact that they consume less than 10% of the total electricity supply 
as they are only provided with energy for 4 hours/day. Atahualpa I MHP plant is a 
good case of a scheme that makes the best of use of its power supply by providing 
electricity during the day for industrial workshops and rationalising the source for 
domestic use in the evenings. However, the co-operative MHP plant administration 
seems mixed up with the co-operative business itself, this does not allow assessing 
clearly the management of the hydro plant.
4.4.2. Energy use
The projects studied demonstrate that there is a relationship between the type of 
ownership and energy use. Indeed, all the electricity produced by the public owned 
plants power mainly domestic activities such as lighting (Table 14). On contrary, the 
one out of two private plants and the co-operative use the electricity for industry 
purposes. This is related to the fact that local councils aim to provide a service to 
the community, being socially focused; while the aim of the private and co­
operative owners is to create or expand businesses, being financially focused. The 
financial implications of the use of energy and project ownership are further studied 
in Chapter VI Financial assessment, Section 6 Lessons learned from energy 
projects.
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4.4.3. Funding sources
The type of ownership is also related to the funding sources used for developing the 
hydro schemes. Overall, the projects received funding primary from loans, grants 
and private or public sources. In particular, all the public owned projects -Chalan, 
Chugur and Conchan- received substantial funding from grants, up to 50% of the 
capital costs, Figure 10. Most of the private and co-operative projects were funded 
by the owners resources and loans; with the exemption of Trinidad and Atahualpa I 
MHP. The first, obtained a grant of 16% of the total costs and the second, was fully 
funded with a grant as being the pioner project. The analysis of the technology 
costs and funding are discussed in Chapter VI a Financial assessment, Section 7.2 
Abatement costs results.
Figure 3 Funding sources for the Cajmarcan projects
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□ Loan 12000 30000 30000 19218 0 35000 18000 37500
0 Grant 2500 0 0 9000 78000 55200 53000 0
E Investment 1000 4200 5000 54565 12000 0 37736 0
0. Technology context
While the main focus of this thesis is on the COM potential for small renewable 
technologies, specifically micro-hydro2, in Peru, it would not be appropriate to end
2 This study considers solar technology as a comparisson option to micro-hydro. The author believes 
that the data available from one solar project, which represents a set of 50 solar systems, is not 
enough to generalise findings and to draw conclusions.
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this context background without introducing the technology behind this type of 
project. Hence, this section provides the background to micro-hydro and solar 
technologies.
5.1. Micro-hydro technology
Micro-hydro is part of the small hydropower category3 and it is defined as a plant up 
to 100 kW (Breeze 2000, p 140)4. Micro-hydro schemes do not supply electricity to 
the national grid at all as they are used in remote areas where the grid does not 
extend. Typically they can provide power to a rural industry or one rural community 
as the cases presented above showed. Micro hydro is perhaps the most mature of 
the modern small-scale descentralised energy supply technologies used in 
developing countries. In 2000 there was around 37 GW of small hydro capacity in 
the world; this is predicted to grow by 50% by 2010 (DTI-UK 2000). China accounts 
for about 40% of this capacity (Ramage 2000, p224). In addition, India and China 
have targets for small hydro growth and markets in South America and Europe are 
also expected to show growth (Breeze 2000, p145).
In the developing world many Asian countries have experienced using this 
technology. In particular China, Nepal, Sri Lanka, Vietnam and Pakistan are the 
main actors of this technology in the Asian region. In fact in China alone it has been 
reported that there were more than 100,000 micro-hydro stations built in the last 30 
years; with a total capacity of 1,885.5 MW (Taylor et al. 2006, p128). Remage 
(2000, p224) also states that in the late 1990s China consumed 50% of its hydro 
electricity supply (80 TWh) from small-scale schemes while for the rest of the world 
the fraction is less than 1%.
Database records for micro-hydro capacity are not available for the other countries; 
however information is available on the number of installed micro-hydro plants. For 
example; in 1999 has been reported that about 130 micro-hydro schemes are 
operating in Sri Lanka (ITDG 1998a).
3 Breeze (2000, p140) states that the small hydropower category has three sub-categories; one 
includes micro hydropower plants, mini hydropower -plants between 100 kW to 1MW- and small 
hydropower -plants larger than 1 MW and smaller than 5 MW.
4 The definition of micro hydro varies from country to country, in this thesis the threshold up to 100 kW 
is considered as micro-hydro plant.
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Large scale and small-scale hydro projects share the same technologies but they 
differ in their economies. In a small-scale project the cost of the feasibility study can 
become disproportionately large. A similar situation occurs when the site has a 
remote location, the transportation of equipment, materials and staff can increase 
the capital costs of the project.
How does a micro-hydro plant work?
A micro-hydro plant is a system that uses water to create electricity. It is like a 
water-powered battery charger. The power of the water makes a system work and 
that mechanical energy is transformed into electrical energy. This electricity 
generated is stored and then is distributed using the local network.
A typical micro-hydro system operates in the following way (Harvey et al. 2000, p3): 
the weir diverst water through an opening in the river side or the ‘intake’ opening 
into an open channel. A settling basin removes particles from the water. The 
channel follows the countour of the hillside in order to preserve the elevation of the 
diverted water. The water then enters a tank or camera and passes into a closed 
pipe called ‘penstock’ which is connected to a lower elevation to a water wheel 
known as a turbine. This is installed in the powerhouse. From the water tank, the 
stored water is released into the turbine blades; these rotate a generator, delivering 
power to a load-diverting controller. The power from the load-diverting controller is 
used to power electricity loads (AC, alternate current) of 380 and 220 V which 
depending on the current used would pass through a transformer. Finally the load is 
distributed with transmission lines to the community, see Figure 11.
One of the principal parameters which must be considered in hydro design in 
general is the head of water available. This will determine the type of turbine that is 
required and has a significant effect on the overall cost of the plant. The turbine 
converts energy in the form of falling water into rotating shaft power. High heads of 
water from steeply flowing rivers and streams tend to offer the most cost effective 
sources of hydropower, specially for small-scale applications. Of course the 
selection of the turbine type will depend on the site characteristics, the main factors 
are the head available and the power required.
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Figure 4 A micro-hydro scheme
intake-
transformer
power
house
Source: Microhydropower (2005)
Within the micro-hydro power range turbines are classified into high, medium or 
low-head machines as it is shown in Table 15. The way these turbines operate also 
divides them into two groups; impulse and reaction. In the case of the last turbine 
group the rotating element known as runner blades is immersed in water and is 
enclosed in a pressure casing. For the impulse turbines the water flow passing an 
impulse runner blades experiences no pressure change; hence the runner blades 
can be operated open. In Peru the main turbines used for micro-hydro are Pelton, 
crossflow Michell Banki and Francis. The last two are the most applied with medium 
and low head-pressures (Rodriguez 2002), refer to Table 15. The efficiency of the 
Peruvian turbines studied in this work ranges from 50 to 60%. Internationally, 
turbines efficiency is between 65-80%; from 65-75% for impulse turbines -such as 
Pelton and locally made crossflow Michell Banki- and 80% for reaction turbines - 
such as Francis (Harvey et al. 2000, p5, 155).
Table 5 Groups of impulse and reaction turbines
Turbine
runner
Efficiency
e0
Head-pressure
High Medium Low
Impulse 65-75% Pelton
Turgo
Multi-jet Pelton
Crossflow (Michell 
Banki)
Turgo
Multi-jet Pelton
Crossflow (Michell 
Banki)
Reaction 80% Francis
Pump-as-turbine (PAT)
Propeller
Kaplan
Source: Harvey etal. (2000, p153, 155)
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How is the power output calculated?
As mentioned above the hydro scheme needs both water flow and a drop in height, 
which is known as a ‘head’, to produce useful power. The scheme converts power 
by absorbing power in the form of the head and flow and by delivering power in the 
form of electricity or mechanica shaft power. There are no power conversion 
systems that can deliver as much useful power as it absorbs as some of the power 
is lost by the system itself with friction, heating and noise. With that in mind, the 
power output of a micro-hydro system, which is the power usefully delivered, is 
called the ‘net power’, Pnet (kW), and it is calculated as follows (Harvey et al. 2000, 
P4):
P net — Pgross X  ©o ■ • • 0  )
Where:
Pgross*. Gross power (kW)
e0: Overall efficiency of the scheme
The gross power (Pgross, kW) is the gross head (hgross, m) multiplied by flow (Q, m3/s) 
and by a factor 10. Hence the main equation of hydro power is (Harvey et al. 2000, 
P4):
Pnet hgross X Q X 10 X ©0 ...(2)
5.2. Solar home systems-SHS
Solar systems are based in photovoltaic (PV) technology which uses solar cells to 
produce electricity. This is another alternative when no electricity grid is available, 
specially in developing countries with high annual solar radiation levels. The use of 
solar systems is growing very rapidly in a wide variety of applications that include: 
pumping water for irrigation or for drinking; refrigerating for keeping vaccines stored 
safely in health centres; powering telecomunication systems; lighting streets and 
also systems for homes that provide energy for lights, radios and TVs (Louineau et 
al. 1994). These systems are known as solar home systems.
Off-grid solar systems play a very important role for rural electrification of
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developing countries as they can be integrated with other sources of descentralised 
energy. The production of solar systems started in the middle 1970s with less than 
1 MWp/year (Boyle 2000, p95); this greatly increased in the 1990s as it is reported 
a three-fold rise of the installed solar cells between 1992 and 19975 (Breeze 2000, 
p52). This increment on production allows the costs of the PV modules to fall; for 
example from 1978 to 1992 a module price reduced from 35 US$/Wp to 10 US$/Wp 
in the United States (Boyle 2000, p95). However, prices of PV modules remain still 
high in developing countries where these modules are imported. For instance, in 
Brazil PV module prices were reported at 14 US$/Wp (Gouvello et al. 1997, p59) 
while in Peru, these modules are priced at 15 US$/Wp (data from 2002 which 
corresponds to Atahualpa II SHS, see Table 7).
Solar energy development in Asia is most advanced in India which has the world’s 
largest solar programme. In 2001, it was reported that more than 115,000 home 
systems, 39,000 street lighting systems and 280,000 solar lanterns were installed in 
rural India. These systems account for about 1MW of capacity (Uddin 2001, p4). In 
addition, it has also been estimated a potential of 20 MW/km2 for SHS in India 
(Bhardwaj et al. 2004, p42).
In Latin American countries Mexico and Brazil take the lead for the application of 
PV technology in rural areas. This was possible with a poverty alleviation 
programme funded with the support of the US government in the early 1990s. More 
than 18000 PV systems, about 900 kWp, were installed in rural Mexico. In Brazil, 
the solar programme was more ambitious as it aimed to install 200,000 systems, 
about 10 MW. Both programmes aimed to deliver electricity homes, health centres 
and schools (Boyle 2000, p118).
How does a SHS work?
SHS are based in solar photovoltaics which convert solar energy directly into 
electricity in a solid-state device (Boyle 2000, p89). In order to achieve so a SHS 
has four main components working together: 1) solar panel, 2) charge controller, 3) 
battery and 4) appliances; see Figure 12.
5 The total capacities of solar cells installed were 91 MWp in 1992 and 286 MWp in 1997, these 
figures are based on the International Energy Agency reporting countries and do not include many 
Asian countries (Breeze 2000, p52).
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Solar panels are the photovoltaic modules that consist of solar cells that are put 
together to produce more electricity as one single solar cell does not produce 
sufficient energy for most purposes. The most common solar panels are 50 Wp and 
consist of Silicon solar cells. The project studied in this thesis consist of 50 SHS of 
50 Wp installed in 50 households in Atahualpa II, see above. Charge controllers are 
used to protect the battery from deep discharge which occurs when the battery is 
too empty or too full (overcharged). It switches off loads when the battery is almost 
empty. The battery ensures the availability of electricity at night or at periods with 
little bright sunlight as it stores the electricity converted from the sunlight energy. 
The appliances that a 50 Wp SHS can power are 2-3 light bulbs of 11 V each and a 
black and white TV or a radio. This provided the most basic electricity needs for a 
rural household.
Figure 5 A  SHS configura tion
Source: Ecofys (2005)
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1. Introduction
As it was mentioned earlier in Chapter I (Section 4.3) one of the dual objectives of 
the CDM is to contribute to the local sustainable development of the host country. 
The decision whether a CDM project activity passes the sustainable development 
criteria of the host country needs to be made by the Designated National Authority 
of the host country. This implies that host countries will need to develop further 
domestic institutional capacities to assess sustainability of CDM projects. This also 
involves establishing consensus based on the different stakeholders such as the 
government, developer and local community of possible CDM projects. This topic 
was discussed during COP-8 and is in the Marrakech Accords (UNFCCC 2001b).
The purpose of this review is to find out which approach can be applied to evaluate 
the eight Peruvian off-grid energy projects of this EngD research. In order to do so, 
an introduction to the main decision making tools is givenin Section 1. Section 2 
follows with the analysis of six approaches created to assess sustainable 
development of CDM projects,. Section 3 discusses these approaches and Section 
4 the selection of the most suitable to assess the eight Peruvian projects is made. 
Section 5 explains the approach developed and carries out the sustainable 
development assessment of the Peruvian cases. It discusses the findings and 
presents the lessons learned. Finally, Section 6 gives the conclusions of this 
analysis.
2. Decision making tools
There are a range of tools that can be applied to assess sustainable development 
impacts of climate mitigation projects such as CDM activities. There are tools 
focused on quantitative analysis such as those based on financial analysis; for 
instance, cost benefit analysis. There are also tools centred on qualitative 
information such as the ones using 'cognitive mapping' techniques. E.g. SODA 
(Strategic Options Development and Analysis) which aims on seeking consensus 
rather than compromise and commitment rather than agreement (Eden 1999, p22). 
On the other hand, there are tools based on both quantitative and qualitative 
information to make complex decisions such as multi-criteria analysis (MCA). MCA 
has been applied because of the following reasons:
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a) MCA provides a set of techniques that considers quantitative and qualitative 
aspects; hence, it supports assessing qualitative criteria of sustainability 
such as the degree of local involvement and improvement on health when, 
for example, an energy plant is introduced in a community.
b) MCA is an objective method which allows a logical ordering of alternatives, 
from the most to the least preferred options. It makes the process of 
deciding more straightforward. For instance, it can help deciding which CDM 
project technology is best for a particular location in a host country. This 
decision can based on availability of natural resources and technology 
needs.
c) Sustainable development is a complex concept as it covers economic, 
social and environmental aspects. MCA enables the assessment of a range 
of sustainability components by giving overall values to each of them, that 
are determined by expert judgement. The result of which allows making an 
objective decision of a complex concept.
This section provides an overview of MCA techniques as these consider non 
monetary aspects explicitly.
2.1. Multi-criteria analysis-MCA
MCA is an approach and a set of techniques applied for decision making on 
policies, projects and others. It provides an overall ordering of options, from the 
most to the least preferred option. It is also described as a way to look at complex 
problems that are characterised by multiple and conflicting quantitative and 
qualitative objectives. MCA breaks the problem into more manageable pieces The 
outcome of reassembling these pieces is a coherent overall picture to decision­
makers (DETR 2000).
MCA has been applied in public and private sectors; in environmental issues, 
Munasinghe (1995) explains that in the 1970s MCA was used when the 
environmental externalities1 lying outside conventional cost-benefit analysis were
1 Externalities occur when the consumption or production activities of one individual or firm affect 
another person’s utility or firm's production Markandya et al. (2001, p94). For instance, it may be in the 
commercial interest of a company to increase its electricity consumption from fossil fuels as they are a 
cheaper option than renewable sources. However, this imposes an external environmental cost, or 
externality, which is the increase of greenhouse gases to the atmosphere, therefore, damaging the 
world climate.
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recognised. The MCA approach is also potentially able to involve public 
participation in decisions. In the literature, it has been used to assess climate 
policies (Borges et al. 2004); global carbon emissions (Munasinghe 1995); Jl and 
CDM options (Begg et al. 2001e, pp185-213) and sustainability implications of 
climate change mitigation (Halnaes 2002, pp49-72). Within the CDM context, there 
have been attempts to elaborate complex lists of criteria for project evaluation in 
general -some of them are discussed below-, but not many studies focus on small- 
scale projects2. It is believe that small-scale projects cannot be compared to large 
ones in terms of their sustainability benefits, as their benefits would not have large 
national implications. For example; it would not be possible that a small (off-grid) 
renewable CDM project of 100 solar home systems installed in a village of a 
developing country will change the average GDP of the country during the project 
lifetime though large programmes of projects may well have an influence.
MCA uses a performance matrix or table in which each row describes an option and 
each column, the performance of the option against each criterion. For example; 
considering the sustainability performance of different types of small-scale CDM 
projects, the options are the different project types such as renewable; energy 
efficiency and forestry projects. The set of criteria for analysis are emission 
reductions, financial returns and number of household benefited, see table below. 
At its most basic the performance matrix may be the end result and may not involve 
scoring other than by simple indicators such as stars. However most MCA 
techniques apply numerical analysis to assess a performance matrix; this analysis 
is carried out in two main stages; by scoring each option with a numerical value and 
by weighting each criterion.
Table 1 Performance matrix for small-scale CDM projects
Options
Criteria
Emission
reductions
Financial returns Number of 
households
Renewable
Energy efficiency
Forestry
2 The Tyndall Centre in the UK has carried out extensive research on assessing sustainable 
development of forestry activities with the use of multi-criteria decision tools, see Brown et al. (2004), 
and Brown et al. (2003).
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In the scoring stage, each option is assigned a numerical score for each criterion. 
More preferred options score higher on the scale and less preferred options score 
lower. Scales from 0 to 100 are often used, where 0 represents a least preferred 
option, and 100 is related with a most preferred option. Weighting involves the 
valuation of each criterion relative to the others by consideration of the length of the 
scale between the top and bottom but is not usually done on simple performance 
matrices.
A full application of MCA involves eight steps (DETR 2000, p25-34), these are the 
basis for all the MCA approaches, and they are presented in Box 1.
Box 1 Steps in Multi-Criteria Analysis (MCA)
1. Establishing the decision context by asking: what are the aims of the MCA? and who 
are the decision-makers and other key players?
2. Identifying the options to be appraised.
3. Identifying the objectives and criteria that reflect the value associated with the 
consequences of each option.
4. Scoring the expected performance of each option against the criteria.
5. Assigning weights for each of the criteria to reflect their relative importance to the
decision.
6. Combining the weights and scores for each of the options to derive an overall value.
7. Examining the results
8. Conducting a sensitivity analysis of the results to changes in scores or weights.
MCA methods differ from each other mainly in terms of the way they process the 
basic data in the performance matrix. MCA methods are divided into two main 
models; linear and non-linear depending on whether the criteria are judgmentally 
independent. This means the performance of an option on one criterion is not 
affected by the judgement of its performance on another criterion. An overview of 
four MCA approaches is given in this section; Analytical Hierarchy Process, Multi 
Criteria Decision Analysis , Outranking and Multi Attribute Utility Theory . The first 
three are linear additive models while the last can handle explicitly interactions 
between criteria and non linear additive models.
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2.1.1. Linear additive models
A linear additive model occurs when the criteria are independent of each other and 
when uncertainty is not formally treated in the MCA model. The linear model shows 
how the value of an option (i) on the many criteria (j) can be combined into one total 
value. This is obtained by multiplying the value score on each criterion (Sij) by the 
weight of that criterion (Wj), then adding all the weighted scores together. This is 
shown as follows (DETR 2000):
Si = Sum Wj Sij ...(1)
Si = W1SM + W2Si2 + W3SÎ3+.. ,+WnSin ...(2)
Table 2 represents the variables of equation (2) in the performance matrix 
developed above on small-scale CDM projects. Most of MCA approaches are 
based in additive model. They represent a well-established record of providing 
effective support for decision-makers.
Table 2 Linear additive model and its variables
Option (i) Criteria (j
Emission
reductions
Financial
returns
Number of 
households
Si
Renewable Si1 Si2 Si3 S1
Energy efficiency Si1 Si2 Si3 S2
Forestry . Si1 Si2 Si3 S3
Wj W1 W2 W3
2.1.2. Analytical Hierarchy Process
The Analytical Hierarchy Process or AHP provides a tool for scoring and weighting 
of attributes of a mitigation option. It is characterized for the use of procedures for 
deriving the weights and the scores achieved by alternatives. These are based on 
pairwise comparisons between criteria and between options. For example; when 
assessing the weights of the criteria of the performance matrix in Table 1, a 
decision maker can be asked which criterion is most important between emission 
reductions and financial returns for small-scale CDM projects? Then, a second 
question to ask will be to select the most important criterion between the previously 
selected criterion and the remaining criterion, number of households (DETR 2000).
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The main advantage of AHP is that the pairwise comparison is straightforward, 
structured and convenient. However, concerns have been raised about the process 
for aggregationof scores and weights as it has no theoretical base and there is Yank 
reversal’ observed in unrelated options when a new option is added. (DETR 2000). 
It is therefore not usually used by trained analysts.
Within the CDM, AHP has been applied to an Indian case study; this aimed to 
create a list of potential CDM projects that would reflect the national development 
priorities while reducing GHG emissions (Seroa da Motta et al. 2002, p267-282). 
This was carried out by analysing four main sectors and then by selecting main 
sub-sectors in each sector. For example; biomass power was preferred within the 
renewable energy sector in India. This study shows which sub-sectors are preferred 
and how ranking would change if a criterion were to be given more weight.
For the sustainable development assessment of CDM activities, Thomas et al. 
(2000) apply AHP; this is discussed in Section 3.3.
2.1.3. Multi-Criteria Decision Analysis
Multi-criteria decision analysis, or MCDA, is a form of MCA, which is based on the 
work of Keeney and Raiffa (1976) on Multi Atribute Utility Theory. It is also known 
as Multi-Attribute Decision Analysis or MADA. MCDA is an approach that allows 
explicit examination of multiple and conflicting criteria. The process provides an 
overall ordering of options, from the most to the least preferred option but its 
strength lies in allowing communication of perspectives on a decision in a focused 
way so that a shared understanding of the problem is developed. It is also 
described as a way to look at complex problems that are characterised by any 
mixture of monetary and non-monetary objectives (DETR 2000, p38-59).
MCDA can be applied either retrospectively or prospectively; the first, assessing 
projects to which resources have already been allocated and the second, 
evaluating projects that are just proposed.
MCDA is a very powerful tool where the problem is complex, has a number of 
conflicting objectives, involves uncertainty and deals with a range of stakeholders.
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This is because it can be used at different levels of complexity (Begg et al. 2003, 
A3, p16). The process provides an audit trail which can be used to justify a decision 
in a transparent way.
MCDA has been widely applied in public and private sectors (Philips et al. 2003, 
DETR 2000 and Von Winterfeld et al. 1986). Within the COM sustainability context, 
MCDA is applied by Begg et al. (2003) for the development of the Sustainability 
Assessment Model, which is evaluated in Section 3.6.
A key feature of MCDA is that it explicitly accepts that all decisions are subjective. A 
team of stakeholders are usually convened in what is called a ‘Decision conference’ 
and the approach encodes the judgements on objectives, criteria, weights and 
assessments of the decision making team, (DETR 2000, p17). The use of objective 
(quantitative) data can also be included. MCDA can bring a degree of structure, 
analysis and openness to decisions that lie beyond the reach of other measures.
2.1.4. Outranking Methods
This type of MCA approach is different to those discussed previously. Outranking is 
based on eliminating alternatives that are dominated. Dominance occurs when one 
option performs as well as another on all criteria but clearly performs better on at 
least one criterion. However, dominance within the outranking method uses weights 
to give more influence to some criteria than others. All options are then assessed 
considering the extent to which they show enough outranking with respect to the set 
of options being evaluated and this is measured against threshold parameters 
(DETR 2000, p22).
The outranking approach is well characterised because it can downgrades options 
that perform badly on any one criterion (DETR 2000, p22); hence, the decision 
making process can become more straightforward. This can be useful for the initial 
stage of the decision process. Besides, it can also be an effective tool to explore 
how preferences between options are carried out.
One of the disadvantages of the outranking approach is that it is dependent on how 
the threshold parameters are set and how they can be manipulated by the decision 
maker (DETR 2000, p22).
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Outranking has been applied in European countries (DETR 2000, p22) as it was 
developed in France. Regarding its application to assess the sustainability 
outcomes of CDM projects, the literature shows for example the work of Troni et al. 
(1997) and Thomas etal. (2000); both are analyzed below in Section 3.1. and 3.3.
2.1.5. Multi-Attribute Utility Theory
Multi-Attribute Utility Theory or MAUT is based on the work of von Newman and 
Morgenstern (1944) and Savage (1954). Then Keeney and Raiffa (1976) have 
further developed it to allow the evaluation of multi criteria decision problems. The 
rules of decision anlaysis stemming from this early work are (Begg et al. 2001e,
p202):
• Either one has a preference or one is indifferent between alternatives ‘a’ > ‘b’
• If ‘a’ is more preferred than ‘b’, i.e. ‘a’ > ’b’ and ‘b’ > ‘c’ then ‘a’ > ‘c’ (transitivity) 
there is dominance
• Sure thing principle; choice is unaffected by what the alternatives have in 
common
The theorems on which MAUT is based are the following (Begg et al. 2001e, p202): 
» Probabilities exist and are logically consistent with coherent preferences.
• Utilities exist and the numbers represent how much you value the 
consequences. They are composed of subjective value and risk.
• For rational choice the alternative with the highest expected utility (EUJ should 
be chosen:
EUj= Sum Pj Uÿ ...(3) for i options over j consequences.
Keeney and Raiffa (1976) assumed that preferences were judgementally 
independent and were then able to assess the consequences of decision paths in 
terms of criteria.
Utility for any jth consequence can be obtained by taking the Uj for k criteria; i.e.
Uj = Sum Wk Ujk ...(4) where W is weight
MAUT provides a set of procedures that are divided into three parts (DETR 2000); 
a) developing the performance matrix; b) determining independence of criteria; and
168
Chapter IV Sustainability analysis
c) combining the judgements of the decision maker into a single metric in line with 
the theory above.
The application of MAUT is proven in many real decisions in the public and private 
sector. These experiences have shown to be considered as an effective tool for 
decision making. However, it is also seen as complex as it requires specialists’ time 
for its implementation. The complexity of MAUT is due to two reasons; firstly, it 
considers ‘uncertainty’ of the decision outcome and includes it formally into the 
structure and secondly, it allows the interactions of one criterion with another 
leading to complexity in modeling.
One interesting application of this approach within the CDM assessment on 
sustainability is the one carried out by Sutter (2003) called Multi-Attribute 
Assessment of CDM analysed in Section 3.5.
2.2. Summary of the MCA approaches
This section has presented an overview of the main MCA tools. The table below 
summarises the main advantages and disadvantages of these tools. As it is noted 
in the beginning of the section, AHR is a tool that allows a straightforward 
comparison between criteria but due to its reversing characteristic, this tool could 
lead to inconsistent final outcomes.The outranking method can be used but can be 
arbitrary. It seems that for a more robust assessment MCDA and MAUT tools are 
left as good alternatives; however, the last one is complex. Hence, MCDA is the 
most feasible MCA tool to be applied to support the decision making process in 
host countries to assess the sustainable development criteria of CDM proposals.
Table 3 Summary of MCA tools
MCA tool Advantages Disadvantages
AHP-Analytical Hierarchy 
Process
Easy comparison of criteria Danger of a reversal 
phenomenon
MCDA-Multi-Criteria 
Decision Analysis
It can deal with a number of 
conflicting objectives and 
stakeholders
Outranking It ranks options Depends on the setting of 
the threshold parameter 
and decision makers
MAUT-Multi-Attribute Utility 
Theory
It is comprehensive It is complex 
Specialist advice
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3. Sustainable development approaches for CDM projects
As explained above, this section analyses six main studies available to assess 
sustainable development of CDM projects. They are ‘Moving towards emissions 
neutral development’ (Troni etal. 1997); SouthSouthNorth sustainable development 
tool (Thorne et al. 2002); Start-up CDM in African, Caribbean and Pacific countries 
or CDM (Thomas 2003); the Gold Standard (Kenber et al. 2003); Multi-attribute 
assessment of CDM (Sutter 2003) and Sustainability assessment model (Begg et 
a/. 2003).
These approaches have been selected from the new and evolving field of 
sustainable development criteria of CDM activities3. The analysis of these 
approaches is carried out by learning from them, describing them and then by 
assessing both in terms of their analytical application and in terms of the 
sustainability indicators proposed. The assessment is based in four main criteria:
Box 2 Criteria for analysis of sustainable development
approaches for CDM projects
• Practicality, the questions to ask is whether or not the approach is ready to be applied 
to assess sustainable development of CDM projects? and how flexible will be to used 
for small-scale CDM projects? How realistic would be to apply the approach in terms of 
human and economic resources needed?
• Comprehensiveness, this parameter enquires if the approach covers all the aspects of 
sustainable development? Are the indicators used applicable to small-scale projects?
• Consistency, what are the theoretical grounds and the logic of the basis of the 
approach?
• Transparency, refers to whether the approach can show a transparent decision making 
process to assess sustainable development of CDM projects?
These criteria are based on the suggested criteria to select MCA techniques (DETR 
2000, p16). The selection of the approaches is based on the aim of this chapter, 
which is to develop a sustainable development approach for small CDM energy
3 An overview of the extensive sustainable development and climate change mitigation studies is 
given by Halsnaes (2002, pp49-72), this also includes sustainable development assessment tools 
within the CDM context. Furthermore, Hambleton etal. (1999) and Dutschke (2000) present the Costa 
Rican experience on Activities Implemented Jointly, the pilot phase of the CDM, and the delivery of 
sustainable development.
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projects in Peru. In this way, the assessment is carried out within the context of 
CDM activities in general and within small CDM energy projects in particular.
3.1. Moving towards emissions neutral development-MEND
This work focuses on assessing the impact of the CDM on poverty reduction by 
using poverty indicators to evaluate CDM projects. The approach has been applied 
to hypothetical projects in Colombia, Sri Lanka, Ghana and Bangladesh. These are 
considered small medium size countries that require CDM support as they lack 
CDM information and resources (Troni etal. 1997).
A total of 10 potential projects were assessed in each country, they included 
energy, industrial, agriculture and forestry projects; they are derived from the 
steering group in each country. These steering groups rated each of the 12 poverty 
indicators as high, medium, medium-low, low medium and low per project see next 
table. These indicators were developed following the respective country poverty 
and development strategies and international development targets4 (Troni ef al. 
1997, pp21-22).
Table 4 Country rating of sustainable development indicators
Indicators Colombia Sri Lanka Ghana Bangladesh
Income High High High High
Food security Low High High Med-high
Water Medium High High Medium
Sanitation Medium Low High Medium
Housing High Medium High Med-low
Employment High High High High
Energy High High High
Education/skills High High High High
Health Low Med-high Med-high Medium
Transport Low High Med-high Medium
Crime
security/peace
High Med-low Med-low Med-low
Social exclusion High Low Low Low
For the projects assessment, two types of benefits are rated for each indicator: 
direct benefits receives XX and potential benefits, X. The first, are secure 
benefits that the projects can provide; for example an electricity project will rate XX
4 The UK Department of International Development targets were applied (Troni et al. 1997, pp21-22). 
These targets are related to extreme poverty reduction, primary education, gender disparities, 
mortality rates and sustainable development. Most of them aiming for a change by 2015.
The Human Development Index indicators from the UNDP were also included for the development of 
MEND indicators.
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in the energy indicator, as this brings direct electricity. The second are the collateral 
benefits resulting from the installation of the project; for instance, using the same 
project example as before, the use of electricity for business purposes will provide 
income as a potential benefit.
After that, each benefit receives a point, which is multiply by its development 
ranking. The indicators are weighted in relation to development priority, shown in 
the table above: high priority scores 5; medium, 3; low, 1; medium-high, 3.5 and 
medium-low 2.5 (Troni et al. 1997, pp30-37). The following example illustrates this 
process: A solar panel street lighting scheme for a rural Bangladesh village rates 
13.5 on direct benefits and 5 on potential benefits. The table shows that this project 
only scores benefits on income, employment, energy, crime security and social 
exclusion indicators. From them, only the employment indicator is rated as potential 
benefits and the rest, as direct benefits.
Table 5 Poverty benefits rating-Solar panel project in Bangladesh
Total benefits
Indicators Bangladesh Scoring
benefits
Weighting Direct Potential
Income High XX 5 5
Food security Med-high 3.5
Water Medium 3
Sanitation Medium 3
Housing Low-med 2.5
Employment High X 5 5
Energy High XX 5 5
Education/skills High 5
Health Medium 3
Transport Medium 3
Crime
security/peace
Low-
medium
XX 2.5 2.5
Social exclusion Low XX 1 1
13.5 5
Source: Modified from (Troni etal. 1997, p34)
3.1.1. Analysis of MEND approach5 
• Practicality
The MEND framework provides a simple and straightforward way to evaluate 
how CDM projects support poverty alleviation at project level. It helps to identify 
particular benefits from projects. Interestingly, this approach was applied to 
different countries; demonstrating that development/poverty priorities varies
5 The analysis of each approach is carried following the four criteria defined in Box 2.
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from country to country. For example; the study results, Table 4, show that the 
food security indicator rated low in Colombia while in Ghana it rated as high 
priority. This may be because Ghana is poorer than Colombia. The approach 
used is more of a simple performance matrix which does not allow explicit trade 
offs and there is no audit trail for the assessments given. No uncertainties are 
explored.
• Comprehensiveness
The application of the same criteria to all countries has also its drawbacks. 
Some indicators may not be included as the concept of poverty can also be 
country specific as it depends on cultural, economic, religious, etc. aspects. The 
inclusion of country specific indicators is recommended.
The indicators used in this approach are explicitly to measure poverty benefits 
from CDM projects. If an appropriate range of sustainable development criteria 
is included, then it could be used to evaluate the sustainability of CDM projects. 
For example housing and transport indicators are not relevant for electricity 
generating projects.
• Consistency
The ranking used to evaluate the indicators and the weighting of them seems 
logical and appropriate in this approach. MEND’s report does not mention the 
use of any particular multi-criteria decision method.
• Transparency
This approach shows stakeholders participation by having a steering group in 
each country. Although the projects were hypothetical the decision-making 
process seems clear and transparent though the justification of the scores is 
not.
Table 10 shows the evaluation of MEND approach and compares it to the rest of 
the approaches.
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3.2. SouthSouthNorth-SSN- sustainable development tool
The SSN tool (Thorne et al. 2002) proposes a way to assess sustainable 
development and CDM project eligibility; this is applied on 27 energy projects in 
four countries. This tool consists of 24 indicators including 2 eligibility screens, 4 
additionality filters, 10 feasibility indicators and 8 sustainable development 
indicators, shown in table bellow. Thus, SSN tool is not just about sustainability but 
also about CDM project eligibility.
Under this framework potential CDM projects need to pass the eligibility and 
additionality tests in order to follow the sustainable development and operationality 
assessments. Then, a rating matrix tool is used to appraise and rank the range of 
projects.
To assess the sustainable development indicators, the ranking of each criterion is 
applied. These indicators are rated against an index, a rating between -3  and +3 is 
proposed: +3 as being very positive contribution, 0 no contribution and -3  being 
very negative (La Rovere et al. 2001). The tool appears to be a simple performance 
matrix without weights as it lacks a weighting process to prioritise project’s ranking. 
This tool is based on previous work done by Thorne et al. (1999). The next table 
summarises the SSN sustainable development criteria, indicators and their 
measurement.
Table 6 SSN sustainability indicators
Criteria Indicator Measurement
Environmental
criteria
Climate change Contribution to the reduce 
global climate change
Rating avoided CO2 emissions where:
0=no change in GHGs compared with 
baseline
+3= Total avoidance
Local
environment
Contribution to local 
environmental sustainability
Rating the change (%) in the most 
significant local pollutants (SOx, NOx, CO, 
radioactive waste, VOC, etc.) :
0= No change in emission level of ‘x’ 
pollutant
+3= Total avoidance of local emissions 
-3= Emissions of ‘x’ pollutant are doubled
Natural
resources
Contribution to the sustainable 
use of natural resources
Measuring the project contribution to the 
sustainable use of natural resources:
0= No change in non-renewable resource 
use
+3= Avoidance of all non-renewable 
resources
-3= Doubled use of non-renewable
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resources
Social criteria
Employment
generation
Contribution to net 
employment generation
Measuring number of additional jobs created 
by the project:
0= No change in employment level
compared with baseline
+3= Doubled number of jobs
-3= Elimination of all jobs predicted in the
baseline
Economic
criteria
Balance of 
payments
Contribution to the balance of 
payment
Measuring the net foreign currency savings. 
0= No change in foreign currency 
expenditure in relation to baseline 
+3= Total avoidance of foreign currency 
expenditure
-3= Doubled net foreign currency 
expenditure
Macro-economic
sustainability
Contribution to macro- 
economic sustainability
Changing the level of public investment 
0= No change in public investment 
+3= Total avoidance of public investment 
-3= Doubled public investment
Cost
effectiveness
Cost reductions implied by the 
project
Measuring the contribution to increase local 
micro-economic sustainability.
0= No change in costs compared to baseline 
+3= Total avoidance of costs 
-3= Doubled costs
Technological
criteria
Self-reliance Contribution to technological 
self-reliance
Measuring the reduction of foreign 
expenditure:
0= No change in foreign currency 
expenditure with technology compared to 
baseline
+3= Total avoidance of foreign currency 
expenditure
-3= Doubled foreign currency expenditure
The SSN tool has been applied in Brazil, Bangladesh, Indonesia and South Africa. 
It allowed the selection of 10 out of 27 potential CDM activities. The assessment 
considered small and large-scale energy projects. Currently (December 2005), it 
has 6 projects under its portfolio; they range from an energy generation using 
biomass to a transport project using biodiesel.
3.2.1. Analysis of SSN approach
• Practicality
SSN approach is ready to be applied to assess the feasibility and sustainability 
of CDM projects, especially large ones. However it would need to be adapted in 
order to be used for small activities. It is simple to use.
• Comprehensiveness
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This tool is a simple performance matrix approach applied to CDM proposals. 
The SSN approach goes beyond the sustainable development assessment, 
requiring eligibility and additionality filters. It also includes macro and micro level 
indicators that could be appropriate to large projects. However, not all the 
indicators apply to small-scale projects such as balance of payments and 
contribution to macro-economy indicators as the level of changes for both cases 
would be minimum. In addition, it does not use weights and misses out by being 
over simple with limited indicators.
• Consistency
SSN tool uses the performance assessment of its 8 sustainable development 
indicators to rank projects. However, it does not weight the indicators. A 
recommendation for the tool would be to introduce a weighting step.
• Transparency
This tool certainly demonstrates that it is a transparent way to assess 
sustainable development of CDM projects.
Table 10 shows the evaluation of SSN tool and compare it to the rest of the 
approaches.
3.3. Start-up CDM in African, Caribbean and Pacific countries -CDM SUSAC
The focus of this EU funded project was to identify, develop and promote CDM 
energy activities in Senegal, Zambia and Uganda (Thomas 2003 and CDM-SUSAC 
1999). One of the outcomes of this project was to suggest CDM-SUSAC as an 
approach to assess sustainable development of CDM projects. However, the 
project came to an end before this approach was fully completed.
The CDM-SUSAC assessment is based on a two-stage ranking system, which is 
applicable to a top down decision process at the government level; firstly, ranking 
sustainable development indicators at national level, then ranking sustainable 
development criteria based on checklists at project level.
The ranking can be achieved by using AHP (explained above) to assess scores of 
the set of indicators and to add the weights given to each of the indicators. The
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second stage should rank sustainable development criteria on the CDM project 
level according to the ones developed at stage one. This allows comparison within 
various CDM projects by applying a ranked checklist of sustainable development 
indicators. The projects that are closest to the national sustainable development 
priorities are identified and selected or rejected.
There are three main steps to assess sustainable development of CDM projects 
under the CDM-SUSAC approach (Thomas et al. 2001, pp10-14):
i) Development of project checklist under sustainable development indicators
A comprehensive link between the checklist criteria and the sustainable 
development indicators is needed. Indeed, the checklist questions should be based 
on the relevant indicators. For example, if the indicator is job creation, a possible 
question will be does the project create jobs? The CDM-SUSAC approach suggests 
that experts on the project type should create a list of sustainable development 
indicators.
ii) Formulating checklists
The CDM-SUSAC work proposes using scoring methods to formulate the checklist. 
Answers to the checklist questions could provide as a precise number or a range, 
which could be restricted or continuous. For example; going back to the example of 
job creation criteria, a restricted range could be 0 if no jobs are created; 1, if 
between 1-50 jobs are created; 3 if >50 are created; or -1, if between 1-50 jobs are 
lost and -3, if >50 jobs are lost. A continuous range could be 1, if 0 jobs are 
created; 9, if >100 jobs are created and -9  if >100 jobs are lost.
Alternatively, YES/NO answers can be applied only if institutional capacity is not 
available to deal with the ranking methods, recognising that this can compromise 
the accuracy and validity of the CDM project assessment.
Hi) Evaluating checklists
The CDM-SUSAC approach then proposes weighting each question of the checklist 
using expert opinion. It recognises that relying on expert opinion is not always 
transparent because objectivity and repeatability can be questionable. Answers to 
CDM project questions are scored and then weighted to reflect the significance of
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each question. The project with the highest weighted scores using the AHP 
approach should qualify as CDM.
3.3.1. Analysis of CDM-SUSAC approach
• Practicality
CDM-SUSAC lacks practical application as it was not tested in a particular 
project type or country. In principle the AHP method has been applied to other 
problems but the staged approach to criteria development has not been tested.
• Comprehensiveness
The approach could be comprehensive but lacks clarity in the application of the 
approach and validity.
• Consistency
One of the limitations of this approach is to suggest using decision hierarchy 
(AHP) to evaluate projects’ checklist. As explained in the section above, the use 
of AHP is questionable because practitioners view it as unreliable in its 
theoretical basis (DETR 2000).
• Transparency
CDM-SUSAC work provides aan approach consisting of checklist development 
and ranking evaluation, for the decision-making process that can help to assess 
the sustainability of CDM projects. It recognises the limitations and scope of the 
methods. For example, when completing the checklist it suggests using ‘Yes’ or 
‘No’ answers, acknowledging that although this does not provide a transparent 
and fully valid approval process it can still be used when resources are not in 
place. It also argues that the use of expert opinion during the validation of the 
checklist is considered as non-transparent.
This analysis is summarised in Table 10, and discussed, in Section 4.1, among the 
following approaches.
3.4. Gold Standard
The Gold Standard was developed by a coalition of more than 30 NGOs. It is a 
methodology that demonstrates additional renewable and energy efficiency projects
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with the aim of designing premium-quality CDM projects (Schlup 2005). Under this 
approach any project seeking to achieve the Gold Standard should demonstrate 
clear benefits in terms of the sustainable development. Potential CDM projects are 
subject to the following requirements (Kenber etal. 2003):
• An enhanced Environmental Impact Assessment
• Stakeholder consultation at the outset and before implementation that 
enables local concerns to be built into project design.
• A qualitative sustainability matrix (based on indicators designed and road 
tested by Helio International and SouthSouthNorth network) that guides 
stakeholder responses and guarantees that the overall impact is positive.
The first two requirements are part of the Project Design Document for the CDM. 
The last point asks for an assessment based on a matrix, which contains a set of 12 
indicators corresponding to three aspects of sustainable development, see table 
bellow:
• local/regional/global environment sustainability,
• social sustainability and
• development, economic and technological development.
Table 7 The Gold Standard - Sustainable development screen
Criteria Indicator Indicator
Local/regional/global
environment
Water quality and quantity Quality and quantity
Air quality Other emissions than greenhouse 
gases
Other pollutants Including toxicity, radioctivity
Soil condition Quality and quantity
Biodiversity Species and habitat conservation
Social sustainability 
and development
Employment Quality
Livelihoods of the poor Including poverty alleviation, 
distributional equity and access to 
essential services
Access to energy services
Human and institutional capacity Including empowerment, education, 
involvement and gender
Economic and
technological
development
Employment (job creation) Job creation
Impact on the balance of payments
Technological self-reliance Including project replicability, hard 
currency, liability, skills development, 
institutional capacity and technology 
transfer
The Gold Standard procedure establishes that the performance of the projects must 
be assessed against the indicators. Rating them from -2  to +2 where -2 represents 
major negative impacts, -1 very minor negative impacts, 0, negligible impacts, +1
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minor positive impacts, +2 major positive impacts. The rates are related to a 
baseline situation. A CDM project would not be awarded the Gold Standard when a 
single sustainable development criterion rates negative. In fact, all the sustainable 
development criteria must be positive, the total score must also be positive and 
there should not be -2  scores.
The sustainable development assessment guidance of this tool states clearly that 
the evaluation should use available reports or results of similar projects and 
circumstances. This method does not require new research. The rating is justified 
using both quantitative and qualitative data. It also establishes the importance of 
stakeholder consultation and input for the assessment of the indicators.
Until now (December 2005), there is one Gold Standard project registered as a 
CDM activity. This is a South African housing energy efficiency scheme called 
Kuyasa from which 10,000 tC02 (CERs) reduced have already been bought by the 
UK government at a premium of 14.6 EUR/CER (Gold Standard 2005). South 
African and Asian projects are among the Gold Standard portfolio.
3.4.1. Analysis of the Gold Standard approach 
® Practicality
The Gold Standard is a tested approach to assess sustainability of CDM 
projects, including small-scale activities. However, it seems that the certification 
to this standard would be used by large companies or governments looking for 
good public relations. The positive outcome would be for small-scale activities 
that really need a way to overcome the high CDM transaction costs, as premium 
payment for their emission reductions can be obtained.
e Comprehensiveness
It has been noticed that within the set of 12 indicators it considers human and 
institutional capacity, which includes empowerment and gender, see Table 
above. It also includes a technological self-reliance indicator. These indicators 
are very important under the sustainable development concept and were not 
always considered in previous studies. However, indicators such as impact on 
the balance on payments are not appropriate for small activities.
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The rating of the Gold Standard sustainability matrix is very stringent, as 
projects with negative indicators would not be certified. Of course, this 
assessment is always subject to the decision-makers.
• Consistency
As this framework is also based on the SSN sustainable development 
approach, it is considered that the lack of weighting within SSN method could 
undermine its methodology.
• Transparency
The Gold Standard provides a very transparent set of rules to assess 
sustainability. This approach also clarifies the importance of stakeholders 
participation.
Table 10 shows the evaluation of the Gold Standard approach and compares it to 
the rest of the approaches.
3.5. Multi-attribute assessment of CDM or MATA-CDM
This approach is based on MCDA, discussed above, to assess individual projects 
under the CDM; quantitative and qualitative attributes of a project were integrated 
by including various criteria that provide an overall project score. A set of 12 
sustainable development criteria that are measured with 12 indicators was used. 
The criteria are divided into social, environmental and economic aspects and the 
indicators into qualitative (3), quantitative (4) and semi-quantitative (5); see table 
bellow.
Factor Consulting (2001) started the development of this approach6 and Sutter 
(2003) improved and applied MATA-CDM to six potential small CDM activities from 
South Africa7 and India. Besides, Sutter et al. (2005) used MATA-CDM to assess 
16 registered CDM projects.
6 An early application of this approach on 17 potential CDM projects in India is discussed in Factor 
Consulting (2001).
7 The South African study is part of a diploma thesis by Heuberger (2003):
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Table 8 MATA-CDM sustainability indicators
Criteria Indicator Measurement
Social criteria
Stakeholder
participation
Indicator with descriptive five 
step scale
Scales from A-E, where A=1 and E=-1. They 
depend on the level of participation
Improved service 
availability
Change in availability of services 
compared to baseline
Scales from A-E, where A=1 and E=-1. They 
depend on the changing of services
Capacity development Indicator with descriptive five 
step scale
Scales from A-E, where A=1 and E=-1. They 
depend on the level of opportunities
Equal distribution-ED- 
of project return
Share of turnover benefiting 
people below poverty line, 
compared to baseline
ED = (Mp -  Mb)/Tp
Mp=Money to disadvantage people in project 
Mb=Money to disadvantage people in baseline 
Tp=Average turnover of project
When ED>10%, then equals 1 
When ED<-10%, then equals -1
Environmental criteria
Fossil energy resources Change in consumption of core 
resources relative to baseline
R = (tCp -  tCb)/CER
R=Energy resources
tCp=tonnes of coal/year used by project
tCb=tonnes/year used by baseline
CER=emission reductions
When R>744, then equals 1 
When R<-744, then equals -1
Air quality Change relative to baseline Scales from A-E, where A=1 and E=-1. They 
depend on the changes of respiratory 
diseases, odour and carcinogens
Water quality Change relative to baseline Scales from A-E, where A=1 and E=-1. They 
depend on the changes of water quality, 
acidification and eutrophisation
Land resources Change relative to baseline Scales from A-E, where A=1 and E=-1. They 
depend on changes of soil pollution, erosion, 
biodiversity, unsustainable biomass and waste 
production
Economic criteria
Microeconomic
efficiency
Internal rate of return For IRR> 20%, then equals 1 
For IRR<20%, then equals -1
Technology transfer Indicator with descriptive five 
step scale
Scales from A-E, where A=1 and E=-1. They 
depend on the level of the human technology 
capacity when the project is implemented
Regional economy Economic performance of project 
location
Scales from A-E, where A=1 and E=-1. They 
depend on the project location in economically 
disadvantage regions
Employment
generation-EG
Additional man-month per GHG 
reductions, compare to baseline
EG=(Jp-Jb)/CER
Jp=Man-months created by the project 
Jb=Man-months created in baseline 
CER=Emission reductions
There are two main steps of the MATA-CDM approach (Sutter 2003). In the first, 
each sustainable development criterion is assessed and given a single utility or 
score between -1 and 1. The developers of the approach score each criterion 
based on a baseline case, which refers to a situation without the CDM projects.
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Each sustainable development criterion is also weighted to rank the importance of 
each criterion. Two weighting methods were applied; direct weighting and analytic 
hierarchy process-AHP. However, the six projects were assessed using direct 
weighting because Sutter (2003) states that it provides a lower standard deviation 
than the other method.
The second step of MATA-CDM is to aggregate the results of the various criteria by 
adding the overall weighted utility of the project, which should be between -1 and 1. 
A positive result indicates that the project has a positive effect and supports the 
country’s sustainable development, a negative value equals a negative effect.
3.5.1. Analysis of MATA-CDM approach
This analysis is developed following the four criteria defined in Box 2:
• Practicality
MATA-CDM has been applied to assess a range set of projects in different 
countries. This approach shows a potential for its replicability with small-scale 
CDM projects. However, the scales used for the MCDA are not the usual 
preferenece scales and the technique requires the use of some expert 
consultancy, which can make the decision-making process more expensive for 
the host country. The following criteria discuss some the issues that can be 
incorporated to improve the approach for small activities.
• Comprehensiveness
Three questions are relevant to this discussion; how MATA covers the main 
aspects of sustainability with the use of its indicators, how it measures them and 
if it is possible to apply these indicators to small-scale CDM activities.
MATA-CDM covers broad aspects of sustainable development by using 12 
indicators. However, equity -such as gender participation-, health and future 
sustainability of the projects are some of the indicators that this approach does 
not consider. They are important to establish the delivery of the sustainable 
development aim of a CDM project. For instance, regarding the future plans of a 
project, assessing the technical and financial provisions to ensure that after the 
lifetime of a project a replacement would continue is necessary to account for.
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Overall, the way the indicators are are evaluated by using quantitative, 
qualitative and semi-quantitative data and expert judgement. However, 
reservations on three of them -project turnover, reduction of fuel consumption 
and internal rate of return- are found and discussed as follows, they are 
highlighted in Table 8:
• The first, the criterion related to social justice evaluates how the increase in 
project turnover will benefit disadvantaged people. This indicator could be 
applied to either community or public-owned projects. It does not apply to 
private enterprises because it would be difficult to expect entrepreneurs to 
share turnover with disadvantage people. Instead community benefits 
improved health and education indicators could replace them. It is also 
noted that this indicator is ambiguous in its evaluation. For example, the 
Malavalli biomass project in India earns a score of 0.48 because 
disadvantaged people receive 4.8% of the project turnover. However, in the 
case of the gasifier project in India, a utility factor of 1 - the maximum value- 
is given (Sutter 2003). This is based on the fact that the local villagers 
receive money for the dry wood collected for the gasifier. It could be argued 
that it is a transaction where a payment is made for a product but it does not 
correspond with the definition of the criterion. Hence, the projects’ scores 
here do not evaluate the same definition of the criterion.
• The fossil energy resources criterion looks at the effects of changing fuel 
consumption. This assessment compares the change of energy use of the 
project to the baseline case. It assumes only one baseline for all projects 
based on coal electricity; at 744 kg coal/CER. This indicator and its 
assessment would have to reflect other type of baselines, such as hydro, 
diesel or kerosene fuels.. In these circumstances perhaps other baselines 
with their correspondent fuel use and CEF rate could be included, or the 
amount of emissions reductions per unit of electricity generated -e.g. 
tC02/kWh- for energy projects- could be used.
• Under the micro-economy efficiency criterion, projects with the highest 
internal rate of return would have scored better than projects with low
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returns. This criterion could be excluding sound technology projects, such 
as solar, that need high investment costs. If there is an energy project and 
solar is the only available technology, then it will be at a disadvantage using 
this assessment. An alternative would be to ignore the criterion because the 
investor should decide on the rate of return as it can be argued that if the 
project does not make business sense then why invest.
In relation to the applicability of these indicators to small-scale CDM projects, it 
can be said that from the 12 indicators used by this approach most of them, with 
the exception of one, can be applied to small projects. The indicator that would 
not be applicable is internal rate of return. In the case of public owned energy 
projects the experience shows that there are not always financial returns to be 
obtained. For instance, the findings of Chapter VI of this thesis demonstrate that 
the three public micro-hydro projects in Peru operate with internal rate of returns 
of less than 0%. This would undermine small-scale unilateral projects, 
especially in the energy sector, that use expensive technologies to reach 
isolated areas. Hence, this indicator can put small-scale CDM projects in 
disadvantage if they are compared to other projects with higher financial 
returns.
• Consistency
The approach tries to use multi-attribute Decision Analysis, which, as discussed 
above, has been well applied in decision-making. However, it needs specialists 
knowledge, therefore, the chances of availability of human capacity in host 
countries is to be seen.
• Transparency
Using experts to rank the sustainable development indicators can introduce bias 
and lack of transparency. A balanced selection and representation of key 
stakeholders is required.
Table 10 shows the evaluation of MATA-CDM and compares it to the rest of the
approaches.
185
Chapter IV Sustainability analysis
3.6. Sustainability assessment model-SAM
The SAM approach8 is part of a DFID funded project aiming at supporting CDM 
energy projects to help reduce poverty. The approach applies Multi-Criteria 
Decision Analysis (MCDA) to assess sustainable development benefits of small- 
scale projects under a set of criteria based on the Sustainable Livelihood tool9 
(Begg et al. 2003). SAM has been used for the assessment of 13 projects in Kenya, 
Tanzania and Ghana that are in operational stage.
The SAM approach assesses not only the project but also how it is implemented 
and compares this to the status quo in the country and to any best practice projects. 
There are four main elements to the SAM approach; identifying a set of criteria, 
constructing a value tree, scoring each criterion and weighting the criteria. Once the 
inputs to SAM have been made then the project strengths and weaknesses can be 
explored. In this way, it can be found how the project and its implementation may 
be improved, how it relates to best practice and the existing situation in the country. 
By using a list of examples of additional actions to suggest ways in which projects 
can be improved on the criteria.
SAM uses a set of 24 criteria, which are part of the five Sustainable Livelihood 
aspects; natural, social, human, financial and physical. A value tree, based on the 
set of criteria identified and grouped in terms of the major trade-offs, is developed. 
Its main objective is to maximise sustainable well-being, which is expressed in 
terms of two top trade-offs -minimising effect on natural resource base and 
maximising personal well-being. The process is not to evaluate which project is 
better than the other but to explore the project to maximise the possible benefits 
and how well it performs relative to best practice. The next table presents SAM’s 
sustainable development indicators and an indication of their measurement:
8 It was developed in coordination with several institutions in the UK and three African countries under 
the coordination of the University of Surrey.
9 Sustainable Livelihood approach is a robust tool to analyse development activities and their impacts 
at community level. Recognising the strong relationship between poverty and vulnerability. The tool 
categorises livelihood into a five main assets -human, natural, financial, social and physical. For each 
assessed asset it is expected the delivering of five outcomes -generating additional income, 
increasing well-being, assuring a more sustainable natural resource base and reducing vulnerability. 
Considering that these outcomes enhance communities’ livelihoods (DFID 1999).
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Table 9 SAM sustainability indicators
Criteria Indicator Measurement
Natural criteria
Food Effect of the project on ability of the 
community to produce food/crops
In terms of volumes change or 
qualitatively
Habitats Effect of the project on flora and 
fauna
What are the activities and their 
effect?
Forest Effect of the project on forest as wood 
and natural products resources
Kg wood conserved
Amount of natural products
conserved
Land use change Effect on the quality and quantity of 
land used for the project
Amount of land changed 
Qualitative evaluation
Air pollution Effect on air quality due to SOx, NOx 
and particulates
Quantitative analysis
GHG reduction Effect in terms of GHG reductions 
when it compares to the baseline
KgQQ^/cap/year
Water supply Effect of the project on water (quality) 
for washing, drinking and cooking.
Amount in l/day; considering sources, 
quantity and contaminant sources.
Social criteria
Marginal groups Effect of the project on activities for 
women or weak marginalised groups
Qualitative analysis
Wider base Effect in the new network to 
information on other projects
Qualitative analysis
Security Effect on crime prevention
Social networks Effect on social networks of 
institutions and families in the 
community
Number of institutions created 
Annual social ocassions compared 
with the baseline
Human criteria
Jobs Effect on the number/diversity of jobs
Freed time Effect on improving the quality of life 
of local (freeing time from drudgery)
Health Effect on human health (outdoor and 
indoor pollution)
Education Efffect on the chances to improve 
level of education for all ages, women 
and children
Skills Effect on building up more or new 
skills in the community
Physical criteria
Energy Effect on energy services, evaluating 
the project contribution to the local 
energy needs
Infrastructure Effect on increasing infrastructure 
such as transport, water sanitation 
and health units
Number and type of new services
Resource depletion Effects on depleting scarce resource 
either in operation or manufacturing
Dwelling Effect of the project on shelter Evaluating number of new houses or 
improvement in quality of housing
Financial criteria
Local manufactured 
equipment
Effect on stimulating local 
facilities/services for manufacturing
Amount of manufactured equipment 
versus imports
Local supply chain Effect on stimulating local 
facilities/services for spares, 
maintenance, etc.
Affordability Refers to the cost to the community 
of the service provided by the project
% of income
Income generation Efffect on generating income or trade 
activities.
Number and diversity of jobs
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The SAM approach has been applied in three main stages to the 13 energy 
projects, as follows (Begg et al. 2003):
• Analysing the projects in each country and balancing the project benefits.
• Comparing the sustainable development criteria set.
• Comparing each project option against the best project for each country.
i) Analysing the projects in each country and balancing the project benefits
Here the projects are compared in each country and the best option is selected. A 
status quo case is also included in the analysis. This comparison is carried out 
under the natural resource based trade-off. From this analysis it is concluded that 
the larger programmes of small-scale projects can deliver more benefits.
The balancing of the project benefits is carried out using personal wellbeing and 
natural resource based trade-offs. Here the projects are also compared against 
each other, but are based on the two trade-offs. The results identify which projects 
need to pay attention to the balance between the two major trade-offs. Hence, in 
this way SAM approach enables identification of activities to just improve 
performance to give a better balance on the major trade-offs.
ii) Comparing the sustainable development criteria set
In this stage an analysis of the acceptance of the proposed 22 criteria is carried out 
in each country. The results show that the criteria are appropriate for use by the 
participants. This is based on the fact that the weightings are spread across all the 
criteria, individually ranging from 0.9-10% for the 3 countries. It is also noted that for 
Tanzania and Kenya the empowerment of marginal groups, such as women, is 
weighted as the highest criterion and hence, the most important.
Hi) Comparing each project option against best project per country 
The purpose of this stage is to find out the advantages and disadvantages of 
projects in relation to the best option within the 22 criteria, in particular identifying 
what needs to be done to improve each area of weakness. For example, for Ghana 
a biomass project was compared to a biogas plant. The results of the analysis show 
their strengths and weaknesses.
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Here it is interesting to highlight that each project is compared to the best option but 
also that the best option is also being compared to each project. Hence, 
improvement for both sides would always be identified.
SAM approach provides a simplified procedure aimed for the use of the host 
countries (Begg et al. 2003, p 58). This can be easily applied in any country and for 
a range of projects. The use of software for the MDCA analysis, called HIVIEW10, is 
required.
3.6.1. Analysis of SAM approach
• Practicality
It can be said that SAM approach can be applied to assess small-scale CDM 
projects either for a single analysis at project level or for comparing to other 
projects (or to the baseline). This approach allows recognizing routes of action 
for improvement of proposed projects. For example, project developers and 
host countries can be aware of the need to incorporate these key actions when 
considering project proposals. The SAM approach can also be useful for 
monitoring sustainable development aspects of CDM activities.
SAM provides a simplified alternative to carrying out a comprehensive decision­
making analysis, which could minimise the administration costs of supporting 
small-scale investment. However, minimum training and expertise would still be 
required to apply this approach in host countries.
• Comprehensiveness
From this work a robust set of 24 criteria has been proposed which cover the 
wide topics of sustainability in relation to energy projects. These or a subset 
could be applied and re-assessed in other developing countries. The author 
believes that the resource depletion indicator is not necessary in assessing 
small projects. This does not apply to small projects as the possible use of 
resources from these would also be small. This would be a macro-level indicator
10 HIVIEW is a software used to solve large and comptes MCDA problems. It allows the value true 
(see Figure 1) to be both visually created and edited. A variety of data input and output displays (see 
Figures 5-8). It also allows to carry out a sensitivity analysis to test robutness as in Section 5.4.
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rather than a micro-level indicator. However they would be relevant for 
programmes of small scale projects.
The model also allows the exploration of the strengths and weaknesses of the 
projects so that improved options to maximize benefits can be generated.
• Consistency
The combination of a strong Multi-Criteria Analysis approach, such as Multi- 
Criteria Decision Analysis or MCDA, together with the Sustainable Livelihood 
development tool make SAM a well grounded approach to assess sustainable 
development of small-scale CDM projects.
• Transparency
Applying the SAM approach is through a participatory approach in host 
countries with stakeholders in the project. The host country would need to 
undertake a strict selection of stakeholders to ensure objectivity in the decision­
making process.
Table 10 shows the evaluation of SAM and compares it to the rest of the 
approaches.
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4. Assessment of the approaches and indicators
4.1. Application of the Sustainability Assessment Model-SAM
The Sustainability Assessment Model-SAM approach was selected due to the 
following reasons:
a) SAM is the only method available to assess small-scale CDM projects.
b) It is based on MCA which is a robust technique to carry out decision making.
c) It uses indicators that assess changes at a community level, where it is 
more likely that small-scale CDM projects would make a difference.
d) It does not only allow ranking the most preferred CDM option, but also 
allows finding out elements for improvement of a project. For example, the 
financial performance of a project.
4.2. Summary of indicators
The previous section has selected the most appropriate approach to assess 
sustainable development in Peru. This section identifies the relevant indicators to 
evaluate small energy projects at community level. To achieve that, a comparison 
of the approaches’ indicators is given in Table 12, which presents the sustainable 
development criteria in reference to the five approaches; CDM-SUSAC is not 
included because it does not propose a set of indicators. It can be seen that MEND 
does not consider critical environmental and technological indicators such as air 
pollution, GHG reductions, local supply chain and manufacturing equipment. In fact 
MEND uses less than 40% of the total criteria listed.
SSN does not take into account main environmental and social aspects such as 
water supply and education; whole it pays special attention to macro-economic 
trends. This approach uses about 30% of the total criteria. Meanwhile, in the 
improved SSN approach, the Gold Standard, most of the indicators missing are in 
the social criteria; security and dwelling. It uses more than 60% of the listed 
indicators.
MATA avoids considering social criteria; indicators such as social networks and 
quality of life/freed time are missing. This approach uses about 50% of the total 
criteria.
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Finally, SAM approach uses the highest number of criteria, 83%, with the exception 
of the macro-economic indicators such as balance of payments and macro 
economic sustainability (used by SSN and the Gold Standard).
Table 10 SAM sustainability indicators
Criteria/Indicator MEND SSN GS MATA SAM Peru Renamed
Social criteria
Marginal groups X X X Involvement
Wider base X X
Security X X
Social networks X X X Integration
Stakeholder
participation
X X Included in 
involvement, 
capacity building
Equal distribution o f 
project return
X
Jobs X X X X
Freed time X X Quality of life
Health X X X X
Education X X X X
Skills X X X X Training indicator, 
in capacity building 
criteria
Energy X X X X Included in equity
Infrastructure (transport, 
sanitation)
X X X X Services and 
activities
Resource depletion X X X
Dwelling X X X Services and 
activities
Financial criteria
Local manufactured 
equipment
X X X X X Self reliance, 
technology transfer 
criteria
Local supply chain X
Affordability X
Income/employment
generation
X X X X X Employment and
business
generation
Balance o f payments X X
Macro economic 
sustainability
X X
Cost effectiveness X X X
Environmental criteria
Food X X
Habitats X X
Forest X X
Land use change X X X X Water and land
Water supply X X X X impact
Air pollution X X X X X Air impact
GHG reduction X X
Reference to 
indicators, %
38% 31% 59
%
48% 83% 62%
.egend:
X=where the indicators are used in an approach
Italic fonts=where the indicators are not considered for Peru
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4.3. Selecting indicators for Peru
Having evaluated indicators and their approaches; now the selection of indicators 
for the energy projects at Peruvian community level is carried out. For this 
selection, the analysis of each indicator is based on the following:
• The country policies on rural electricity, environment, COM and country 
strategies. All these aspects are introduced in Chapter III.
• The set of already applied sustainable development indicators for COM projects, 
shown in Table 10.
• Detailed knowledge of the micro-hydro and solar projects to be assessed.
Under this context the author developed the following set of 15 indicators, which are 
divided into six main criteria, see Table 11 and Table 10. They are regarded as 
appropriate to assess sustainable development of small energy projects in Remand 
are further defined in the next section.
Table 11 Sustainable development indicators for small projects in Peru
Social criteria
•  Services and activities
• Quality of life
• Education
• Health
• Integration
•  Equity
Economic criteria
•  Cost effectiveness
•  Employment and 
business generation
Environmental criteria
•  Water and land impact
•  Air impact
•  Noise impact
Long-term criteria
•  Future sustainability
Capacity building criteria
•  Involvement 
e Training
Technology transfer criteria
•  Self-reliance
Table 10 identifies 12 of the indicators used for Peru; eight of which have been 
renamed. For instance, freed time indicator is changed to quality of life in the social 
criteria; the indicator skills is also changed to training and from social to a new 
criteria called capacity building.
Nine out of the 29 the indicators listed in Table 10 have not been used; they are 
security, equal distribution of projects, affordability, balance of payments, macro- 
economic sustainability, resource depletion, food, habitats and forests. The 
following justifies why they are not considered:
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• The first, security is part of the quality of life indicator shown in Table 11. 
Equal distribution of projects is not considered because the project is not 
expected to provide further social support than the main project activity. This 
indicator is discussed further in MATA approach.
• Affordability is not included because there is little difference between the 
projects on this criterion as a feasibility of the electricity project would be 
carried out before the project implementation. This study measures the 
affordability capacity of the households in the community and the complexity 
of the factors surrounding this in the chapter on financial analysis.
• Balance of payments and macro-economic sustainability indicators are not 
considered because the implications for changes in a country economy from 
small-scale projects are minimum.
• In the same way, changes on resource depletion, food, habitats and forests 
would be minimum from these small electricity projects.
Two new indicators have been introduced; equity and noise impact, shown in Table 
11 in italic fonts.
All the indicators are compared to a status quo situation, a baseline scenario; this is 
supported by the knowledge and access information from one community in the 
same area without electricity. The indicators identified here are being called micro­
indicators from now on. This terminology is explained in the next section.
5. Sustainability assessment of small-scale CDM projects in Peru
As explained above, this study intends to support the knowledge of assessing 
sustainability under the CDM by focusing on small energy activities in one host 
country. For that an assessment on sustainability benefits of micro-hydro and solar 
projects in Peru was carried out. These project types were selected because, they 
are considered for fast tracking under the Marrakech Accords and they can be 
alternative sound technologies for rural electrification.
The analysis is based on evaluating the main aspects of sustainable development. 
In order to evaluate these characteristics on small energy projects a set of micro- 
indicators are identified. The micro-indicators are applied because the study is 
focused at the project or community level. Furthermore, the use of proposed macro­
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indicators such as the balance of payments11-refer to Section 3.2- are not 
appropriated for small CDM activities because their influence is minimum. To date 
there is only one approach, Sustainability assessment model-SAM, developed by 
Begg et al. (2003), which centres on small CDM energy projects. The approach 
proposed here is based on that work. It also introduces micro-indicators for hydro 
and solar technologies in Peru.
The objective of this section is to analyse in what way small-scale energy projects 
support the sustainable development of rural communities. By identifying the main 
changes introduced in these communities and by deriving lessons learned which 
can improve implemention of similar types of projects. This aims to support the 
work of development agencies, governmental energy institutions and CDM 
investors.
This chapter is divided in four sub-sections; it introduces the sustainability 
assessment model developed for small energy projects in Peru, followed with a 
description of the projects and then it applies the model to each project, including 
conclusions for each case. Finally, the lessons learned and a discussion across the 
projects are provided.
5.1. Sustainability assessment model for small projects in Peru
The Peru approach is grounded on multi-criteria decision analysis theory to assess 
quantitative and qualitative characteristics of the CDM sustainable development 
criteria. For this a set of micro-indicators is selected from analysing previous 
studies. The approach assesses seven micro-hydro systems and one solar project 
operating in rural Cajamarca. The approach consists of five steps:
i) Identifying sustainable development criteria for Peru which is based on 
previous studies and stakeholders discussions.
ii) Defining micro-indicators that include qualitative and quantitative elements. 
They are evaluated using checklist questions.
iii) Scoring micro-indicators with ranges from 0-100.
11 This indicator is used in SSN approach -see Section 3.2 for details- and refers to the change of the 
net foreign currency savings. E.g. Reduction of fossil fuel imports as a result of CDM projects. This 
indicator is not appropriated for small projects because they reduce minimum fuel consumption.
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iv) Weighting micro-indicators using multi-criteria analysis, applying weights 
from 1-100%. It is used to prioritise the importance of each indicator.
v) Assessing total scores and performance, having applied steps i to iv for 
each energy project, then a comparison across project is carried out.
Step i Identifying sustainable development criteria for Peru
The analysis is based on evaluating six main aspects of sustainable development -  
social, economic, environmental, capacity building, long-term delivery and 
technology transfer. Refer to Figure 1. The aim of the first four aspects is to find out 
the changes produced by introducing energy plants in communities without access 
to electricity. By considering the people’s point of view as a centre of these 
changes. Focus groups, reviewing project information and door-to-door interviews 
were applied to obtain the data required. Detailed information on how the data was 
obtained in explained in Chapter II Research approach.
The aim for the capacity building and technology transfer aspects was to find out 
how the projects were implemented considering local involvement and the 
technology accessibility. The owners and developers were interviewed to discuss 
these issues. Chapter III Research approach also introduces the concept of these 
aspects.
These aspects are also identified from the literature reviewed. Specifically, the work 
of Thorne et al. (1999), Begg et al. (2000) and Thomas (2001) supported this step. 
At the same time, the Marrakech Accords guidelines on stakeholder participation 
and the views from the local stakeholders were considered (UNFCCC 2001 b).
Step ii Defining micro-indicators
The sustainable development criteria outlined above are not enough to assess 
CDM projects. They can cover a broad range of sub-aspects that need to be 
explored in detail. A way of doing so is by applying indicators which are used to 
describe the state of a system, to detect changes in it, and to show cause-and- 
effect relationships (Farrell et al. 1998). This study used micro-indicators to assess 
the sustainable development criteria of energy projects. Micro-indicators so called 
because they evaluate performance and changes at local or project level. A set of
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15 micro-indicators is selected and defined, to assess the sustainable development 
criteria identified above. They include quantitative and qualitative elements.
Figure 1 Value Tree: Sustainable development criteria
sustdev
social long term economic capbuild Environ techtrans
QualofLife Health
Serviacts Edu
Equity Energyexp Involvement Water&land Noise impact
Integra* Futuresust Employ&bus Training Air impact selfreliance
Table 12 presents the micro-indicators developed for small energy projects in 
Cajamarca. It also includes each micro-indicator’s type and definition.
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Table 12 Micro-indicators for small projects in Cajamarca
Criteria Micro-indicator Type Definition
Social Services and
activities
Quality of life
Education
Health
Integration
Equity
Quantitative
Qualitative
Qualitative
Qualitative
Quantitative
Quantitative
It assesses services and activities 
replaced or added by the project.
It evaluates improvements of life style 
from the users’ views.
It evaluates access to electricity to local 
schools.
It evaluates access and improvement of 
health centres.
It measures access to public phones or 
radio transmitters in the community and 
TV or radio in each household.
It quantifies the local distribution of 
energy, using number of households 
connected to the service.
Economics Energy expenses
Employment and 
business generation
Quantitative
Quantitative
It measures the average reduction on 
energy expenses per household.
It quantifies the number of jobs and new 
type of businesses created.
Environmental Water and land
impact
Air impact
Noise impact
Qualitative
Quantitative
Qualitative
It assesses improvement or damage 
towards water and land qualities.
It quantifies GHG reductions and other 
releases of gases -SOx, NOx and PM.
It evaluates improvement or damage from 
noise impact.
Capacity 
building (*)
Involvement
Training
Qualitative
Qualitative
It evaluates the degree of local 
involvement -considering gender and 
literacy level- during the project cycle.
It assesses the type and quality of training 
provided. Including women and children.
Long-term Future sustainability Quantitative It assesses the financial provisions for the 
long-term sustainability of the plant.
Technology 
transfer (*)
Self reliance Qualitative It assesses the local availability of spare 
parts and technical expertise.
Note:
(*) For a discussion about the difference between capacity building and technology transfer criteria 
refer to Box 1, in Chapter II Research approach of the thesis.
Step iii Scoring micro-indicators
The micro-indicators need to be assessed to find out the project’s performance. A 
scoring system using restricted ranges from 0 to 100 is applied as follows: The 
option most preferred on the criterion is scored at 100 while the least preferred is 
scored at 0. This is known as a relative preference scale where the ratios of 
preference are most important (Begg et al. 2003, p24, A3).
Checklist questions assess each micro-indicator. These were developed to 
compare the changes introduced by the technology in relation to the baseline case. 
A status quo community without access to grid electricity -using only typical sources 
of lighting such as mini-grid generators, kerosene lamps, candles and old car 
batteries- is used. For the capacity building, long-term and technology transfer
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criteria a comparison to a baseline situation is not possible. These criteria evaluate 
how the projects were implemented and what are the effects of the provisions in 
place; then, direct questions are applied.
The data to justify the scores for each micro-indicator is based on the focus group 
discussion with local stakeholders; the researcher’s own observations and detailed 
analysis carried out for each project. Appendix I provides a summary of the 
sustainable development discussion in each project. The following table presents 
the sources of information to justify the scoring of each micro-indicator.
Table 13 Source of data for scoring micro-indicators
Micro-indicator Source of data
Services and activities 
Quality of life 
Education
Appendix I Sustainable development discussion
Health
Integration
Equity
Own observations and ITDG feasibility studies 
Chapter III Peru Context and own observations
Cost effectiveness 
Employment and business 
generation
Chapter VI Financial analysis
Chapter III Peru Context and Appendix I Sustainable development 
discussion
Water and land impact 
Air impact 
Noise impact
Appendix I Sustainable development discussion 
Chapter V GHG analysis
Appendix I Sustainable development discussion and own observations
Involvement
Training
Appendix I Sustainable development discussion and ITDG feasibility 
studies
Future sustainability Appendix I Sustainable development discussion and Chapter VI 
Financial analysis
Self reliance Appendix I Sustainable development discussion and own local 
knowledge
Step iv Weighting micro-indicators
Weighting sustainable development criteria is required because each aspect has 
different importance. They depend on the variables of the decision-making process 
such as location, people and project type. The weight depends on the difference 
between the top and bottom of the scale and how important it is to the decision 
maker. Weights from 1-100%, are applied. In this case expert knowledge of the 
technology, CDM and country contexts are used.
Step v Total scores and performance
Having scored and weighted each micro-indicator, then a weighted score is 
obtained. By adding all weighted scores a total score per project can be obtained as 
the following equation illustrates:
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T S Q O ^ W M X )  ... (5)
  _ ;
Where:
TS (X) : Total score X
Wn : Weighted micro-indicator n
In : Scored micro-indicator n
N : Total number of micro-indicator n
n : Micro-indicator n
After evaluating the total scores for each project a ranking performance to show the 
relative performance of the projects is carried out with sensitivity analysis.
5.2. Summary of projects’ context
The approach presented is applied to evaluate seven micro-hydro plants and one 
solar project operating in rural Cajamarca, see Table 14. These technologies range 
from 50 Wp to 80 kW of system capacity. They provide electricity for domestic and 
small industrial activities. The baseline cases of the projects were mini-grid diesel 
generators, kerosene, candles and battery charging. The historical knowledge of 
the baselines and the use of a status quo community-Ahijadero- allow comparison 
and assessment of the micro-indicators. Details of each project are attached in 
Chapter III Peru context.
These projects are considered because of their size ranges, location and availability 
of information. It is important to highlight that all the projects are in operational 
stage for more than two years. Hence, evaluating the sustainability criteria makes 
sense. This section summarises basic data for each energy project.
Table 14 Energy projects in Cajamarca
Com m unity Province Type Capacity
kW
Main e lec tric ity  use
Trinidad Contumaza MHP 5 Domestic
Yumahual Cajamarca MHP 11 Industrial
El Tinte Cajamarca MHP 14
Chalân Celendm MHP 25 Domestic
Atahualpa I Cajamarca MHP 35 Industrial & domestic
Chugur Hualgayoc MHP 75 Domestic
Conchan Chota MHP 80
Atahualpa II Cajamarca SHS 50 Wp/SHS
Ahijadero Hualgayoc Status quo
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Trinidad MHP
In 1997 a MHP plant started its operation in Trinidad. This is a 4 kW turbine, which 
provides electricity to 22 households plus 1 kW turbine, which powers a battery 
charging station service. The plant started providing basic electricity to 20 
households. The electricity used in these premises is mainly for lighting. The private 
owner of this MHP plant invested US$ 1,000 received a grant of US$ 2,500 and a 
loan to of US$ 12,000.
Yumahual MHP
This project was carried out between ITDG as developers and consultants and the 
owner of the plant Mr A Sangay. ITDG carried out the civil engineering work and 
the installation of the electro-mechanic equipment. It also provided operational and 
maintenance training. Mr Sangay was involved with the installation of the 
distribution lines and with managing and operating the plant.
The production of Yumahual MHP plant is devoted to supply power to a privately 
owned broiler chicken farm. The investment in the MHP was US$ 34,200 financed 
with a loan from ITDG. The owner administrates Yumahual MHP plant. He employs 
one full time member of staff, who operates the MHP plant and the production site. 
The 11 kW plant operates 24 hours/day; however, during low water season (July- 
October), the effective capacity of the plant is only 4 kW.
Chalân MHP
In 1995, a 25 kW MHP project started operating; it provided electricity for domestic - 
initially 82 households-, institutional and small-scale activities. At present, the plant 
produces energy principally for lighting; there are 87 households plus new 
businesses and services. The total capital cost of the MHP plant was US$ 82,783. 
Chalân Council manages the plant; it administers and contracts two operators to 
run the facilities. A plant electric meter and 82 households electric meters are 
installed. The small businesses operate in the household premises; at the moment, 
there is not industrial or commercial electricity tariff charged.
Atahualpa I MHP
This provides an electricity service available through a 35 kW MHP plant that has 
been operating since 1992. The plant provides energy to agro-industrial activities
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and to 35 households. The MHP plant was set up as part of a demonstration project 
that ITDG promoted in Cajamarca, receiving a full grant for its implementation. It 
operates under a co-operative management regime.
Chugur MHP
Basic electricity service is available through a MHP plant -75 kW- operating since 
1997. The plant provides electricity to 115 households and 15 small businesses. 
The total project costs were US$ 90,200; funding came from a grant and a loan. 
The local authority owns this plant and is in charge of its management. It employs 2 
operators and the administration of the plant is carried out as part of the council 
duties. A plant and households’ electric meters are installed. The small businesses 
operate in the household premises; at the moment, there is not an industrial or 
commercial electricity tariff in place.
Conchan MHP
In 1995, an 80 kW MHP project was started from an initiative by ITDG and the local 
council to generate electricity for household use and to small-scale enterprises. 
Initially the MHP plant provided electricity for domestic -104 households-, 
institutional and small-scale industrial activities. At present, the plant produces 
energy principally for lighting; there are 160 households and several services and 
businesses. The management model implemented in Conchan MHP is a pilot 
model established by ITDG-Peru and it is known as Management Services for 
Isolated Power Systems (Sanchez et a i 2001). It employs three staff -the 
administrator and two operators.
The total capital cost of the MHP plant was US$ 10,8736. The users, the Council 
and ITDG financed the project. The Council invested US$ 37,736; ITDG provided a 
loan of US$ 18,000 to the Council and the balance was made up with a grant from 
the government.
Atahualpa II SHS
This set of 50 SHS systems is located in Atahualpa cooperative, where Atahualpa I 
MHP is also located. Atahualpa II SHS is a set of 50 panels, which are installed in 
50 households. Each system has 50 Wp of capacity. In 2002, the set of SHS was 
introduced to provide basic domestic lighting and are still in operation. The costs of
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the project were covered by a loan supplied by the developers. Each system cost 
US$ 750. The users are the owners and operators of the systems.
El Tinte MHP
In 1996 El Tinte MHP plant started its operation with 14 kW of capacity. As a result 
of technical problems the plant was not operating properly and in 1999 a decision to 
change the type of turbine was taken. Now the plant powers 1 household, 1 milk 
processing plant, a mill and a battery charging station. The MHP was financed with 
by Atahualpa cooperative and with a loan from ITDG (ITDG 1999). El Tinte MHP 
plant belongs to Atahualpa cooperative; it is managed under the same model as 
Atahualpa I MHP plant.
Ahijadero Status Quo
In this community traditional rural technology is used for lighting, which is carried 
out burning kerosene and candles. Old car batteries are used to power black and 
white TVs or radios; but less than 25% (30 families) of the households own one 
(REPSUL 2002). The rest of the households own small radios which are powered 
by dry-cell batteries obtained locally. Kerosene and candles are available locally. 
Old car batteries need to be charged in Bambamarca either walking or by car. 
Cooking is carried out with cooking-stoves that burn wood. There is only one 
carpentry workshop which uses a small gasoline generator (100 US$/year at 30 
soles/month of gasoline) to power two machineries. Besides, there is a public 
phone that is powered by a solar power system.
5.3. Application of Peru model
The Peru model with the value tree shown in Figure 1 was used to evaluate eight 
energy projects in Cajamarca applying Steps iii to iv; firstly, each micro-indicator for 
each project is scored. Then, the weighted micro-indicator is multiplied by its 
equivalent score to provide a total result per project. Finally, a ranking performance 
is applied.
After evaluating the total scores for each project, a ranking performance to select 
the best project under the criteria provided is carried out. Comparing the projects’ 
scores and providing a value of 1 to the project with the best total score and
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respectively. Table 5 presents a summary of these steps and the results for each 
project.
Table 15 summarises performances of each micro-indicator agains each project. 
For the qualitative indicators an overall evaluation represents positive and negative 
changes introduced with the energy plant. For the quantitative indicators relevant 
data showing these changes are given. These evaluations are based on the 
projects’ information, which sources are given above in Table 13.
Table 15 Summary of micro-indicators performance
Micro­
indicator
Trinidad Yumahual Chalân Atahualpa 1 Chugur Conchan Atahualp
all
El Tinte Ahijadero
Services and 
activities
+ + + + 0
Quality of life + + + + + + + + 0
Education + + + + + + + + 0
Health
Integration (*)
+
1 public 
phone
+ +
1
public
phone
+
1 public 
phone
+ + +
1 public 
phone
+
1
public
phone
0
0
Equity (*) 30%
hhs
0 60% 70% 96% 100% 70% 70% 0
Energy 
expenses (**)
29%
savings
71% 70% 90% 64% 20% 14% 68% 0
Employment 1 1 2 1 2 3 0 0 0
and business 
generation 
(***)
8 2 14 10 12 15 0 1
Water and 
land impact
- - - - - - 0
Air impact
r * * )
11
tC02/y
57 tC02/y 31
tOO2/y
124 tC02/y 35
tC02/y
46
tC02/y
15
tC02/y
9
tC02/y
0
Noise impact 0 0 0 0 0 - 0 0 0
Involvement 0 0 + + + + + 0 0
Training + + + + + + + + 0
Future
sustainability
-7% 12% -22% 3% -12% No
returns 
in 25 
years
-4% -16% 0
Self reliance + + + + + + + - 0
Notes:
+ means overall positive change 
0 means no change 
- means overall negative change
(*) Assessment based on data from Chapter III Context to Peru and Appendix I and II.
(**) Average savings in energy expenditure data from Chapter VI Financial analysis. Refer to Figures 2 and 5 for Trinidad, 
Chalân, Chugur, Conchan and Atahualpa II -the unit compared is US$/hh/year as the energy plants replaced kerosene, 
battery charging and candles-. Refer to Figure 4 for Yumahual, Atahualpa and El Tinte -the unit compared is US$/kWh as 
the MHP plants replaced mini-grid generators-.
(***) The first figure refers to direct number of jobs created and the second, to number of businesses introduced. Data from 
Chapter III Context to Peru and Appendix I and II.
(****) This indicator evaluates emission reductions (tCOa/year), data taken from Chapter V GHG analysis, Table 26.
(*****) This indicator is evaluated in relation to the projects’ internal rates of return at 2003, data taken from Chapter VI 
Financial analysis, Table 9. Positive financial returns means that the project has financial resources for maintenance, 
replacement and unexpected plants’ requirements.
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Having given an overview of the micro-indicators performance agains each project, 
now Figure 2 presents the results after the expert evaluation. These consider that 
each indicator has been weighted. In the graph the X-axis, numbers from 1 to 9, 
represents Trinidad, Yumahual, Chalân, Atahualpa I, Chugur, Conchan, Atahualpa 
II, El Tinte and Ahijadero projects respectively. The Y-axis represents the value 
scored for each project per indicator, the details of these values are shown in Table 
16. Figure 3 represents the overall score per project and Figure 4, the scores per 
sustainability aspect.
Figure 2 M icro-indicators’ weighted scores per project
_ _ _
,...
" v  a *—
___
18!»
♦ Services and activities 
Education 
x  Integration 
+ Cost effectiveness 
Water and land impact 
Noise impact 
 ^ Training
v Technology transfer
m Quality of life 
Health 
a Equity
- Employment and business generation 
Air impact 
Involvement 
% Long-term sustainability___________
Note that the numbers in the X-i 
1=Trinidad-5kW MHP 
2=Yumahual-11kW MHP 
3=Chalan-25kW MHP
represent the projects as following: 
4=Atahualpa i-35kW MHP 
5=Chugur-35kW MHP 
6=Conchân-80kW MHP
7= Atahualpa ll-2.5kW SHS 
8= El Tinte-11kW MHP 
9=Ahijadero Status quo
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Figure 3 Total scores per project
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Figure 4 Total scores per sustainability aspect
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Results for Trinidad
Trinidad MHP plant rates lowest, 0, on the equity criterion, this is because this 
project only provides electricity to less than 30% of the total households in the 
village. This creates social inequality with internal disputes and sense of unfairness 
for the villagers without access to the service. As this is a private project, the 
accessibility to the service was based on location and plant capacity. Households 
located closer to the owner’s place are able to receive the service. This situation is 
reinforced when evaluating the involvement micro-indicator, scored as 7.5; the 
locals did not participate in the decision-making process of the private plant. 
Another low score is seen for the water and land impact micro-indicator, 0.8. This is 
due to the lack of a system to manage the disposal of old car batteries that were 
used before installing the plant.
On the other hand, Trinidad scores 5 for integration, energy expenses, employment 
and business generation and training micro-indicators. From this can be identified 
aspects for improvements such as the creation of new business types. In this 
community similar businesses to those already existing were created. This brought 
competition and saturated the local market with a large number of bakeries. In total, 
Trinidad scored 65 which places it as penultimate in the projects assessed as 
Figure 3 shows. See Appendix I Sustainable development discussion describes the 
details for each criterion.
Conclusion for Trinidad
The results show a significant delivery of social benefits. Local teachers and 
parents believe that electricity helps children’s education by the influence of TVs 
and radios programmes. A public phone box also integrates the community. The 
health centre has improved its services, benefiting not only locals but also 
neighbouring villages.
By introducing the plant, a reduction of 40% on energy expenses was achieved and 
it has created jobs and new businesses. However, these new activities pay little 
attention to the local markets and copy existing business types that create 
competition between them.
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The reduction of fuel use and battery service access is also saving more than 5 
tC02/year of emissions; hence the project supports climate change. An appropriate 
waste management of old car batteries is needed to reduce human health risks and 
water or land impacts.
This project shows that this privately owned plant did not consider the locals during 
the decision-making process. The developers provided the necessary training and 
awareness at the initial stage of the project, but this support has not been continued 
in the last few years due to the fact that the owner stopped communicating with the 
developers as he is not paying his loan. This situation puts the operation of the 
plant at risk because when there is a technical failure the owner of the plant tries to 
solve the problem and in some occasions makes the problem worst. On one 
occasion the plant was shut for two weeks as technical support comes from the 
main cities.
Results for Yumahual
Yumahual plant rates lowest, 1.25, on the equity criterion due to its electricity use - 
small production activities. Hence, this project is at disadvantage if it is compared to 
the projects orientated for domestic use or community projects. As this is a private 
project, the local involvement micro-indicator scores 7.5. Locals did not participate 
during the decision-making process of the plant.
However, Yumahual performs well on long-term sustainability and technology 
transfer micro-indicators, with a score of 10 for each indicator. This is because the 
project is business focused; its financial provisions and resources for its continuous 
operation are viable. The total score for Yumahual is 66 -see Figure 3. This low 
performance -in comparison to other projects- is because it is not a community- 
oriented project.
Conclusion for Yumahual
Under the social and economic criteria of sustainability this project would not be 
considered successful if it were compared to community-orientated activities. So, it 
is proposed to assess these projects under different sustainability criteria that 
consider the end use of energy. On the other hand, Yumahual is a successful 
example that shows the benefits of a small energy system -11 kW. The market
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driven management is the crucial factor for its success as the electricity from the 
hydro plant powers a chicks incubator, this business allowed reducing the local 
supply of chicks from a city located more then 500 km away.
Results for Chalân
This plant rates lowest, 0, on the long-term sustainability criterion because of its 
type of public management. This is related to the financial performance of the 
project where no provisions for the future replacement of the plant are made. Equity 
also scores low, 1.25, because there are households without access to the service 
due to social and financial reasons.
However, the local involvement micro-indicator scores quite high 11.25, which 
shows that public owned projects consider the community during the decision­
making process. Chalan performs well on energy expenses, scoring 100. This is 
because the project has produced more than a 50% reduction on fuel expenses in 
relation to the baseline line. The total score for Chalan is 69 -see Figure 3. Putting 
the plant at fifth place out of eight.
Conclusion for Chalân
Under the social and economic criteria this project performs well by improving 
services, quality of life, education and health. Villagers are pleased about accessing 
TVs and radios; furthermore the project has introduced phone services that 
integrate them into the country. At the same time, the access to a local dental 
service has added a very important health benefit for this community. However, this 
project shows that access to electricity is not enough to achieve better living 
standards in developing countries. In fact, Chalân lacks appropriate resources for 
health services as basic medicine is not available. This remains a common social 
problem in rural Peru.
From this project can be concluded that the main changes are centred in the 
creation of new services and businesses that allows local economic development. 
Reducing not only energy costs but also services and transport costs for the locals. 
However, the provision for long-term sustainability of the project is needed. 
Financial resources and technical support should be prepared to ensure the 
operation of the plant during and after its lifetime.
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Results for Atahualpa I
This plant rates lowest, 0, on the water and land impact criterion because of the 
lack of waste management for batteries. Equity also scores low, 1.25, because the 
service does not provide electricity to many households, as it is used mainly for 
small industrial activities.
However, it scores high on cost effectiveness and employment/business generation 
micro-indicators, with 10 for each one. Overall, Atahualpa I performs as the second 
best project with a score of 79 -shown in Figure 3.
Conclusion for Atahualpa I
From this project it can be said that the MHP technology establishes positive 
impacts in the community in terms of social and economic development with the 
creation of new enterprises; hence the creation of jobs. The aspects that could be 
improved would be the waste managing of old car batteries, the provision for the 
long-term existence of the plant and the continuous implementation of training 
programmes with the involvement of women.
Results for Chugur
This plant rates low, 2.5, on the long-term sustainability criterion because this is a 
public managed plant. There are no provisions for its future replacement as a result 
of social and political issues. The environmental criteria show low scores; noise and 
water/land micro-indicators score 1.65 and 0.8, this is due to the fact that this 
relatively large plant can be noisy and because there is no a plan for managing 
waste of old batteries.
However, it scores high on cost effectiveness and training micro-indicators, with 10 
for each one. In overall, Chugur performs as the third best option with a score of 73 
-shown in Figure 3.
Conclusion for Chugur
The results for the social and economic criteria of Chugur plant show the delivery of 
positive changes in the community. The aspects to improve are to provide ear 
protectors to the plant operators and to implement a waste management plan for 
old car batteries.
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Results for Conchan
This plant rates lowest, 0, under the equity criterion because it does not provide 
electricity to all the community households even though electricity capacity is 
available. Political and financial issues do not allow this to happen. Potential users 
need to pay a lump sum for the installation of the service; this includes the 
electricity line to the household, the electrical system in the household and an 
electric meter. However, they argue that either the sum is too high and needs to be 
reduced or that they should not pay as the state owns the plant and it only uses 
water that is free.
The cost effectiveness, employment/business generation micro-indicators perform 
well with a score of 10 each. The best indicator in this project is involvement, 15; 
this is due to its type of management as a community committee management 
system elected locally runs the plant. Conchan performs as the first best project 
option with a score of 80 -shown in Figure 3.
Conclusion for Conchan
From this project it can be said that the MHP technology introduced significant 
positive impacts in the community. Social and economic development are being 
achieved with the creation of new enterprises; hence the creation of jobs and the 
improvement of the quality of life, education, health and integration criteria. Here, 
the type of management applied in running the project is important; this involves the 
local stakeholders and provides transparency and trust.
The aspects to improve are the equal distribution of the service, waste managing of 
old car batteries and noise levels.
Results for Atahualpa II
This solar project only rates negatively to one micro-indicator water and land impact 
criterion, 0.8, because it lacks of a waste management plan for old batteries. It 
scores best on the cost effectiveness and training micro-indicators, with 10 for 
each. Although this project only provides electricity to households it performs as the 
fourth best, with a score of 71 -shown in Figure 3.
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Conclusion for Atahualpa II
From this project it can be seen that SHS technology is an attractive alternative for 
rural areas. Despite its high investment costs, lack of local expertise and equipment 
supply. This set of systems allows villagers to reduce their energy expenditure. It 
also makes their life easier when developing daily tasks such as eating and 
studying. For instance, in the focus groups one housewife explained that with 
electricity light they enjoy dinning as they can see what they eat. The development 
of this project involved the users -including women- from starting to finishing its 
implementation. Local technical knowledge on solar technology and the creation of 
local suppliers of the solar equipment are needed
Results for El Tinte
This plant rates lowest, on the future sustainability and self-reliance micro-indicators 
because of the lack of provision for the long-term technical problems that may 
occur. It scores high on cost effectiveness micro-indicator, with 10, as using micro­
hydro technology is cheaper than the previous source of electricity -mini-grid diesel 
generator. However, most of the social aspects did not change because the 
electricity is used for a small industry -cooling milk. Overall, El Tinte performs as 
the worst project with a score of 51 -shown in Figure 3.
Conclusion for El Tinte
From this project it can be said that the MHP technology does not always provide 
positive impacts for communities when they are used for industry purposes. 
Especially if the facility is small -such as 14 kW- and when is located 
geographically isolated. This project only created one permanent job. The social 
development is minimum and the financial benefits are mainly to the owners. 
Hence, this project would not benefit the sustainability of local communities.
5.4. Sensitivity analysis of the Peru model
This section presents the sensitivity analysis of the Peru model. This has been 
carried out by running the data with the HEVIEW software applied in SAM approach 
introduced above in Section 3.6. The next figure shows the performance of the 
options on the criteria under the social aspects and shows that for the weight on the 
social criteria the preference is for options 6 (Conchan MHP) and 4 (Atahualpa I
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MHP) but above 30 there would be a switch to options 3 (Chalân MHP) and 5 
(Chugur MHP).
Figure 5 Performance of the options: Social aspects
tamable Development
S 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 TOO 
Total weight on social
Note that the ‘option’ numbers represent the projects as following: 
1=Trinidad-5kW MHP 4=Atahualpa l-35kW MHP
2=Yumahual-11 kW MHP 5=Chugur-35kW MHP
3=Chalân-25kW MHP 6=Conchân-80kW MHP
7= Atahualpa ll-2.5kW SHS 
8= El Tinte-11kW MHP 
9=Ahijadero Status quo
This is not the case with the economic criteria as shown below, in Figure 6, where 
the options 6 (Conchan MHP) and 4 (Atahualpa I MHP) are robust across all the 
scale.
Figure 6 Performance of the options: Economic aspects
tain able Development 
1 8 8
98 -
88  -
78 -
68
<z>
58
48 -
30 -
20
T O - ;
Total weight on economic
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In terms of balance across the major trade offs Figure 7 below shows social against 
economic aspects. It shows that the options 4 (Atahualpa I MHP), 5 (Chugur MHP) 
and 6 (Conchan MHP) are reasonably well balanced in their performance on these 
major trade offs as they lie towards the top right hand corner. However options 1 
(Trinidad MHP), 8 (El Tinte MHP) and 9 (Ahijadero Status quo) are not well 
balanced. Options 2 (Yumahual MHP) and 7 (Atahualpa II SHS) are not performing 
as well as 4, 5 and 6; nevertheless, they are well balanced. If a project does not 
have balance in the major trade offs it will tend to have problems in implementation.
Figure 7 Social and economic aspects
economic 
1 0 0  -
GO -
(T) Trindad 
(2) Yumuhual 
Chalan 
(T) Atahualpa 
(if) Chugur 
Conchan 
(?) AtahualSH 
El Tinte 
(9) AhijadeSQ
Looking at Capacity building and long term sustainability, Figure 8, none of the 
options are well balanced though option 4 (Atahualpa I MHP) is the best. This 
indicates an area for improvement in these projects.
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Figure 8 Long term and capacity building aspects
Capacity Building
(T> Trindad 
(?) Yumuhual 
(3) Chalan 
(?) Atahualpa 
(5) Chugur 
(?) Conchan 
(?) AtahualSH 
(8) El Tinte 
(?) AhijadeSQ
long term
5.5. Lessons learned from projects 
Trinidad MHP
Private project, local involvement and equity
Trinidad is an example of how a private owned project does not always consider the 
local community in the decision-making process. Furthermore, how this causes 
internal conflicts in a community by the non-equal distribution of electricity. It is 
important to ensure that if a private project is to be implemented, the community 
needs to be included.
Creating businesses in a saturated local market
The creation of new businesses and services in this village pays little attention of 
the local markets by copying existing business types making the market saturated. 
This creates competition and reduces income and the development of other 
opportunities. It is recommended to explore new small business types which use 
the natural resources available and which consider the local and non-local markets 
such as agricultural products. However, this task requires cooperation and support 
from governmental or non-governmental organisations, as the locals do not have 
the necessary marketing and business skills.
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Yumahual MHP
Private ownership and production facilities
Analysis of the Yumahual MHP plant shows that this type of project can be 
economically sound when energy is used for production facilities. The good 
performance of this plant is also due to its high load factor. The management model 
of this plant is straight forward, as there are not many stakeholders involved. 
Hence, this project presents three important factors to determine its success; the 
utilisation of the electricity, a high load factor and a simple management model.
However, the plant does not have a direct effect in the community, it gives an 
indirect effect by creating employment for one person and by providing new food 
type services that are not otherwise available locally. Without such business the 
community would have to pay high prices on chickens and would continue to be 
dependent on non-local markets.
Private ownership long-term sustainability and technology transfer
Yumahual performs well on the long-term sustainability and technology transfer 
micro-indicators. It is a good example of private projects focused on businesses, 
which considers two important aspects for the long-term sustainability of the plant: 
a) accounting for financial provisions and b) resources for its continuous operation.
Chalân MHP
Public management and long-term sustainability
The fact that the local government owns the project is not reason why it should not 
be financially self-sustainable. The local authority faces a difficult position regarding 
the implementation of a higher electricity rate since the users do not agree. Hence, 
the local authority pays the costs of O&M and administration. The problems with the 
project are as a result of social and political circumstances. The community 
believes that the government -represented by Chalân authority - should provide the 
financial resources for the electricity services. On the other hand, the local authority 
does not have the financial resources available and it seems not very interested in 
the sustainability of the plant.
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In order for the plant to cover its basic costs, an increase on the minimum electricity 
fee is necessary. A progressive and structured plan to achieve this rate is 
necessary. Another measure to consider is charging commercial rates to the small 
businesses of the village.
Measures need to be taken now as the plant has potential to become self- 
sustainable because it is only in its 9th year of operation. The 16 years remaining 
could still make financial sense if the system is well maintained and managed.
Atahualpa I MHP 
Market driven community
The end use of the electricity in this plant is remarkable, focusing on production and 
services. There are a number of workshops -carpentry, milk processing, crafting 
and knitting- administration buildings, guesthouses, small shops and restaurants. 
The workshops produce furniture, diary products and local craft. This diverse 
production is sold in the region of Cajamarca and it is taken to the closer major 
cities. At the same time, the co-operative serves as a tourist park. All these 
activities provide jobs and opportunities for income generation for the families, 
which is needed to reduce poverty. However, this success depends in different 
factors; one of them is the type of management -co-operative- applied. The close 
location to the capital of Cajamarca region also plays an important role for the good 
operation of the plant and for the use of non-local market for their products. This 
project is a good example of a mixed electricity use of energy plants.
Chugur MHP
Public ownership and long-term sustainability
The case of Chugur is another example of local authorities owning and managing 
MHP schemes. The Chugur local authority is assuming an annual debt of more 
than US$ 900. However, the electricity fee is half of the optimum chargeable price. 
If measures to increase income from the electricity are not taken soon, the 
sustainability or the continuous operation of the plant is at risk. The issue with 
publicly owned schemes seems to be that they lack a sense of attachment and 
commitment with the management of the energy plants. The reason is that these 
schemes require a long-term commitment, as their operating lifetime is higher than
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25 years. Local authorities govern for short periods, only four years, where the 
interest for the plant is maintained.
Conchân MHP
Management services for isolated power systems
The type of plant management in Chalân is a positive example because there is 
transparency, trust and order. The involvement of the local stakeholders - 
community and council- in selecting this service plays a very important role.
Within the context of a government owned project, using management services that 
are independent of the political preferences of the local council allow better project 
performance and build local capacities. The better performance is shown in the 
order of the administration process and in how the plants are kept maintained. 
Capacity building is a key element in the structure of these management services. 
In the case of Conchân, the developers supported the establishment of the local 
management service by providing advice and training. The management service 
originated locally and is in charge of directing the scheme for a period of five years. 
These conditions allow the creation of new capacities within the community. 
However, an important consideration is that the local authority, as the owner of the 
scheme, has the legal rights for changing the type of management of the project. 
Under non-conflicting circumstances this type of management seems a sustainable 
way to administer these types of energy systems owned by public entities.
Atahualpa II SHS 
Technology input
The implementation of this solar programme took about two years from the project 
idea to its operational stage. This development also involved training in solar 
technology for the users. Until now -March 2004- the systems are working fine, 
without major technical problems (Sanchez 2004). However, it is still in its early 
stage of operation -two years- and it is too soon to conclude that technical problems 
are not going to appear. This scheme proves the feasibility of introducing this 
technology in remote areas of the Peruvian highlands.
El Tinte MHP
Poor plant performance
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El Tinte project has had technical problems since its operation started. An error in 
the initial plant specifications -design of a large turbine- has not allowed the plant to 
operate well. This scheme powers only the milk facility and the operator’s 
household. A way to make the most of the energy available would be by increasing 
the number of users -but as the plant is located in an isolated area this option could 
be expensive to apply. A second alternative would be to increase the operations of 
the milk facilities or to introduce new production activities in the same site.
6. Conclusions
The following discussion concludes main aspects found from this analysis; the 
discussion is divided in two sections -the main changes and the main challenges for 
rural Cajamarca.
6.1. Main changes in rural Cajamarca
Overall, the introduction of micro-hydro power plants or solar home systems has 
changed the rural communities at two levels; household and community level.
At the household level the energy technologies are shifting life styles from rural to a 
more modernised society by the following: a) changing people’s daily activities 
(making their daylonger); b) allowing accessing new technologies (TVs, irons, 
blenders, etc.) and c) developing new skills and achieving social equality, fighting 
against national social discrimination based on geographical or racial grounds12. 
Electricity access is also perceived as a bridge to improve child and adult education 
and health. Rural people of Cajamarca think that electricity makes their life easier, 
as a focus group participant stated:
I can do my tasks better in the evenings such as washing the dishes. Even 
eating is more enjoyable because now I can see clearly.
The following quote shows how rural people think about the changes caused with 
the introduction of electricity:
12 People from the coast look at people from the Andes as underdeveloped; because it is where the 
major production sites are centralised and where electricity is available.
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‘Electric lighting has changed our life styles for all of us, including elderly and 
youngsters. Now, we can feel part of society because we are more aware of 
what is going on outside our little world. We can also learn new activities such 
as using a blender or switching on a TV. With electricity people are happier and 
it allows us to get out from our thoughts and experiment different things'.
The rural households studied also benefit with the reduction on their energy 
expenditure. The micro-hydro and solar technologies are at least 50% less 
expensive than the previous source of energy (kerosene, candles, battery charging, 
etc.). This reduction permits families to improve their living standards, such as 
obtaining food and better clothes for their children.
At community level the introduction of energy technologies has made it possible to 
increase the number of services and businesses in all the communities studied. 
This increment allowed for the creation of jobs and local markets during the 
implementation of the systems and during their operating life. However, it is noted 
from this analysis that micro-hydro technology provides more chances to develop 
businesses and services than solar technology. From the projects studied it is 
known that a minimum of one direct job and eight indirect jobs were created -from 
hydro plants. The capacity of the solar system is very limited, partly because it is an 
expensive technology. It is designed mainly for domestic purposes; however, at this 
stage the users are planning to create income-generating activities. The availability 
of new local markets to allow reducing dependency on neighbour towns, 
transforming the village to a more independent and self-sufficient way. For instance, 
Yumahual MHP plant is a good example of a business idea created to fill up the 
market by being the first chick’s producer in the region of Cajamarca.
As a result of the electricity technology, the rural communities analysed are 
becoming more popular; visitors and tourist are increasing finding basic local 
services such as accommodation and restaurants. This supports the local 
economy. Another important aspect changed in the communities is the increase on 
property prices. Neighbour villagers are also attracted by electricity. E.g. During the 
focus group of Conchân it was known that the local carpenter moved to the village 
because of the electricity access; he set up his carpentry workshop and now 
employs two operators.
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Electricity also allows communities to become more integrated locally and 
nationally. Now, community meetings such as social, religious or energy focus are 
organised in the evenings. The access to TV, radio and telephone technologies 
opens the chances to find out more about the news in the country and also to 
communicate with friends and family from other parts of Peru or the world. 
Participants of one focus group stated that having access to telephone facilities 
supports businesses in the community and makes the towns less isolated. It should 
be remembered that some of the communities studied, such as Trinidad can 
become very isolated during the rainy season. E.g. It would take 5-6 hours horse 
riding to reach Trinidad.
6.2. Main challenges in rural Cajamarca
From this analysis, four main challenges have been identified as learning outcomes 
for the energy projects in rural Cajamarca. These challenges are the creation of 
local markets, the development of local capacity, the improvement of electricity 
service management and the integration of public services. These are discussed 
below.
Creation of local markets
One of the main issues discussed during the focus groups and field visits is the 
plans/ideas of creating enterprises that can bring income to villagers’ households. 
The access to electricity does not automatically provide human capacity to create 
businesses. Every production enterprise should be market driven; finding what are 
the needs for the local community and the capability to pay for those needs should 
be question number one for local entrepreneurs. In this study, the communities 
using the energy technology for production purposes have proven successful. E.g. 
Atahualpa I and Yumahual MHP plants. However, communities using the energy 
technology aimed firstly for domestic uses (without well-established business 
purposes) have proven not successful. Even if they have electricity capacity to do 
so, such as Conchân and Chugur that run with load factor of less than 30% (data 
from Chapter V GHG analysis).
A structured plan and the intervention of the local institutions such as the local 
council, regional NGOs and educational centres are needed to create local
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capacities to make full use of the electricity available. These should explore where 
the local opportunities are -such as natural resources- and should train people in 
new skills to use those opportunities. This will allow the creation of local markets for 
the community.
Development of local capacity
As well as the lack of local capacity for creating enterprises there is also the lack of 
technical capacity for coping with the energy technologies in the communities. This 
is one of the main technological barriers explained by the developers. Technology 
expertise on the energy systems is not available; this permits a continuous 
dependency on the regional cities. This increases maintenance costs and puts at 
risk the provision of the energy service. As more time is required to solve technical 
issues.
At the same time, from the focus group discussions is noted that in the communities 
operating for more than five years there is not an established programme to update 
the community (including women) on energy issues (use, risks, etc.).
Institutional capacity exists in the region but, as always, financial constraints are the 
main barriers. The projects owned by private individuals seem more proactive to 
promote technology capacity but the public owned projects are behind. The 
communities are not independently organised to promote these types of activities: 
due to the lack of leadership and cooperation between each other.
Improvement of electricity service and plant ownership and management
From the projects studied it is noticed that there are four main types of 
management services: the cooperative management (for Atahualpa MHP and SHS 
and El Tinte MHP); the local council management (for Chalân, Chugur MHP plant); 
the private type management (for Yumahual and Trinidad MHP plants) and the 
community management committee (for Conchân MHP plant).13
The cooperative management has a market driven focus, which uses the most of 
the electricity available for production purposes. However, the administration of
13 A discussion on the project ownership is presented in Chapter III Peru context, Section 4.10.1.
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Atahualpa and El Tinte MHP plants is not being carried out clearly as the users do 
not pay for the service and there is not an electricity meter for the plant. It is difficult 
to know what is going on in terms of financial returns, plant efficiency, etc.
The local council management has very low acceptance from the users. For 
example, in Chalân community, the discussion from the focus group showed that 
the users are not satisfied with the way the plant is managed. They think it is a 
system, which lacks transparency; they do no know how much income comes from 
the service and what are the expenses. They doubt if the electricity rates applied 
are equal for all the families. Local councils need to be clear on the service 
administration in order to retain trust from the community.
The private management of the electricity service is more efficient; partly, because 
decisions are subject to only one person, the owner. Yumahual plant is a very good 
example of a successful private owned project; which since the project idea its aim 
was very clear (production purposes) and until now maintains good relationships 
with the developers for technical support.
The community management committee, which was implemented with the advice of 
ITDG, has been shown to be efficient and well accepted by the community. One of 
the committee’s duties is to report to the council, ITDG and the community 
regarding the progress of the plant. A monthly report is developed containing the 
total electricity income, outcomes and revenues. During the fieldwork, this was the 
only project, which had details available on energy consumption and household 
payments. It showed an organised administration.
Integrating public services
Access to electricity is not the only answer to promote development, basic 
community services and human capacities are also needed. For example, in 
Chalân one participant of the focus group asked what could they do with electricity 
if funding for essential drugs and a fridge is not available. This is a more complex 
national problem, which needs pressure and time to be solved. Here, the local 
authority could play the role of bringing the local needs to the national audience.
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6.2. Critique of the Sustainability Assessment Model for Peru
This section presents an overall critique of the Peru model. This critique is based 
using four criteria: practicality, comprehensiveness, consistency and transparency. 
These criteria were introduced previously in this chapter to evaluate the studied 
sustainability approaches.
Practicallity
The Sustainability Assessment Model for Peru is practical to evaluate the 
sustainability delivery of small-scale energy projects with and without the context of 
the COM. This assessment can be applied either for a single analysis at project 
level or for comparison with other projects such as to the baseline. The results of 
the assessment identifies routes of improvement of proposed projects. This allows 
developers and evaluators to be aware of the need to incorporate these 
improvements when evaluating project proposals.
This model can be replicable by using easily and freely available resources such as 
an Excel work-sheet. Minimum training would be required for the potential users as 
it is logical and easy to understand for non-specialists.
Comprehensiveness
It is robust as uses detailed quantitative and qualitative project data with the 
assessment of 15 indicators. Its set of indicators covers the greatest possible 
changes that a small energy plant can introduce at community level. These 
indicators can also be applied to assess other types of projects in other countries; 
however, new indicators might be needed to be introduced.
The model is comprehensive because it explores the strengths and weaknesses of 
the projects; hence improvements can be incorporate to achieve maximum 
sustainability benefits.
Consistency
This model is based on the Sustainability Assessment Model -SAM- approach 
developed by Begg et al. (2003) which at the same time uses the Multi-Criteria 
Decision Analysis method and the Sustainable Livelihood approach. SAM approach 
has already been applied to assess different types of small energy projects in
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different countries. Therefore, the basis of the proposed model is consistent and 
valid to assess small-scale COM proposals in Peru.
Transparency
The model allows for transparency only when a fair representation of the project 
stakeholders acting as expert judges is carried out. For this assessment, the
researcher acted as expert judge as she has detailed knowledge of the projects
assessed; however, the ideal situation is to have at least five expert judges to
achieve an objective assessment.
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Appendix I Sustainable development discussion 
Atahualpa I MHP plant
Social aspects 
Services and activities
In Atahualpa the services and activities replaced and added by the introduction of 
the MHP plant are mostly at industrial level and household level.
At the industrial level, the MHP plant replaced the consumption of diesel to run a 
mini-grid generator, manual operation of some production activities such as 
carpentry and dairy workshops. These replacements make the industrial facilities of 
this cooperative more efficient by reducing the labour time in production. With the 
introduction of the MHP plant, more production facilities were possible to install 
such as welding and woodcraft workshops, a battery charging station and a yoghurt 
plant. The implementation of a guesthouse and two restaurants was also possible. 
With the addition of the MHP technology and with the creation of new activities, 
Atahualpa cooperative demonstrated an appropriate use of the available local and 
natural, physical and human resources. Hence, it promotes a self-sustained 
community by increasing the local economic development and by reducing 
dependence on the main city.
At household level, thanks to the MHP plant 35 households of this community do 
not burn kerosene and candles anymore to light their homes. They also do not 
spend more time and money in charging car batteries from Cajamarca city. At least 
a reduction of 2 hours per month was achieved from the last activity. As a result of 
the electric lighting availability the villagers can enjoy watching TV and listening to 
the radio. Mr Julian Quispe, one of the users expressed that electricity means life 
for the community, he said:
Electricity brings development to a community, which without luz (electhc light) is 
dead!
Quality of life
For this topic the main outcomes from the panel were related to the changes on life 
style and comfort that electricity brings. The discussion centered on how interesting 
it is to access new technology such as mobile phones, electric irons, TVs, etc. With
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the introduction of electricity all is quicker; hence, more efficient. The following
quote from the local primary school Teacher demonstrates that:
‘Electric lighting has changed out life styles for all of us, including elderly and 
youngsters. Now, we can feel part of society because we are more aware of what is 
going on outside our little world. We can also learn new activities such as using a 
blender or switching on a TV. With electricity people are happier and it allows us to 
get out from our thoughts and experiment different things'.
The idea of not having electricity after having experienced it was definitely absurd. 
The following quote reflects the perception of electricity for rural people. It shows 
the important role that electricity plays in their life and people’s expectations in 
having access to it:
‘Without electricity our village was sad and isolated, it provides development and 
hope. It is exciting ...’
Education
During the focus group discussion a Teacher representative highlighted the 
importance of electricity for the learning process of children; the availability of other 
learning tools such as music, video and TV supports that process. Here it is 
important to note that the local schools in this community only have access to 
electricity during the wet season. The following is a quote of her views:
Children are more socialised, more communicative and more independent. Now, 
they talk about the TV cartoons and they imitate the cartoons’ games.
She also explained that children with access to electricity achieve the best results in 
her primary school. Most of these children live nearby (10-15 minutes walking 
distance); however, other children have to walk 2.5 hours each way to attend 
school. Inequality of services are also experience by school children who do not 
have access to electricity and who feel different because they cannot enjoy the TV 
programmes, games, etc that other children enjoy.
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From the discussion on the changes on adult education it was recognised that now 
the community is more up to date and more aware of the current issues of the 
country. It was also stated that people have more time and resources to read the 
Bible at home14.
Health
In Atahualpa, the health centre was installed in 1999, providing basic treatment by 
only one Nurse. A small fridge is used to keep vaccines. The access to electricity 
supports the operation of this health centre. However, if a major treatment is 
needed, Cajamarca city is the closest alternative.
Integration
The main changes introduced by the MHP technology related to the community 
integration are at two levels; at local and national levels. The first includes the 
opportunity to organise evening meetings; specially church related or simply 
community meetings. At national level, the community expressed to be more 
integrated to Peru because of the better availability to TVs and radios. This 
accessibility provides national news or programmes and creates the community’s 
interest on the political issues of the country.
Economic aspects 
Energy expenses
Among the group of participants a total agreement on energy expenses reduction 
was shown. The Manager of the cooperative stated that:
...The MHP plant allowed reducing fuel costs, using natural resources and creating 
more jobs.
However, access to costs records was impossible, a finance assessment carried 
out as part of this thesis establishes this reduction on energy costs. Chapter VI 
examines in detail the finance implications of all the projects. Before the 
introduction of the plant the energy expenses for the industrial activities reached 
more than US$1000015. Now, US$ 4,600/year is the average running costs of the
14 Atahualpa cooperative is a religious community, practicing Evangelistic belief.
15 This estimation is based on the use of a 13kW diesel generator with an annual electricity 
consumption of 34 MWh. See Chapter V, Table 5.
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plant; including operation and maintenance16. This represents more than 50% 
reduction on electricity expenses. It is important to recall that this project was more 
than 80% funded with a grant; hence, no loan repayment is included in the MHP 
plants’ costs.
At domestic level, the energy expenses have definitely decreased. Now the users 
do not have to pay for the service because it is paid by their workforce in the 
cooperative. Before they had to buy kerosene, candles, etc. spending about 
US$150/hh/year. This amount represented about 15% of their total income.
Employment and business generation
About 14 new permanent jobs were created after the MHP plant operation because 
11 new production facilities were installed. Other existing workshops were also 
expanded with new machinery. Furthermore, the interesting location and range of 
activities of the cooperative have made this place a tourist attraction. In fact, in 
2002 about 32000 people visited the cooperative, this could bring more than 
US$18000 of annual income17. The proximity to the main city of Cajamarca also 
helps this activity. Further details on profits from the services were not possible to 
obtain.
Environmental aspects
It is important to note here that the participants of this focus group show very little 
knowledge regarding environmental impacts. Therefore, the findings in this section 
are the issues the author thinks need further considerations. These issues came up 
from the discussion but indirectly.
Water and land impacts
For the participants, the introduction of the MHP technology does not impact their 
community significantly. From the discussion, it can be seen that there is a lack of 
the waste management for old car batteries (used before to power TVs). The 
villagers have a storage battery place. However, they re-use the components of the
16 Now a total of 144 MWh/year is being consumed from the MHP plant, shown in Table 5 of Chapter 
V. See Chapter VI for a more detail analysis of the total project costs for Atahualpa I.
17 This is estimated using a registry entrance document and assuming that the 2 soles/person 
charged in 2002 remains the same. The average exchange rate use here is 3.42 (Soles/US$) based 
in 2003.
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batteries such as Lead, which is used in a local trout farm. These people are not 
aware of the danger of Lead at all. The trout is sold in the restaurants and the locals 
also consume it. Advise and training on how to deal with this type of waste is 
required. The Manager of the plant knows about this problem as I explained during 
my field visit. The local authority of Cajamarca has the institutional capacity to deal 
with this issue via the Regional Agency of Environment (Direccion Regional de 
Medio Ambiente).
Air impact
The MHP plant replaced the burning of kerosene and candles for lighting and the 
use of a diesel generator with an average reduction of 50.3 tC02/year18. However, 
woodchips are still being burnt for cooking activities, as it is available for free from 
the local forestry. Some of the houses have improved cooking stoves, which were 
implemented in 1999. In general, the layout of the community’s houses does not 
present many windows for ventilation and the cooking is carried out indoors19. The 
participants stated that respiratory and digestive health problems are quite 
common. Data from the health service were not available. On the other hand, the 
participants commented that the numbers of motor vehicles have increased since 
the introduction of the MHP plant and also because of the many visitors.
Noise impact
Noise impact from the MHP plant is not an issue for the villagers. The noise from 
the new activities was regarded as loud but these activities are located in a specific 
area with no houses close by.
Long term delivery
The focus group discussion showed that the local people are interested in 
upgrading the capacity of the plant. Firstly, there are more than 30 families without 
access to electricity; secondly, people would also like to purchase new electric 
appliances and finally, the schools would also be able to use other resources such 
as computers. It was stated that they would also be willing to pay for the service.
18 Chapter V presents the details on GHG reductions for all the projects.
19 Indoor pollution from cooking activities is a main health problem in developing countries, refer to 
the WHO Statement on Indoor Air Pollution (ITDG 2004) and a report, Smoke: The Killer in the 
Kitchen (ITDG 2003).
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Capacity building
Decision making process and local involvement
The idea of this MHP plant started with a field visit to Atahualpa cooperative 
organised by ITDG-Cajamarca in coordination with the cooperative’s Manager. The 
aim was to find out availability of hydro resources in the area and the possibility of 
installing a MHP plant as a pilot project. At the initial stage, only the developers and 
the cooperative’s managing committee were involved. The end users were involved 
after the decision of carrying out the plant was made. Coordination with them was 
required because they provided their workforce as payment for the installation of 
the service. Here, the women participation was quite low as the main workforce 
source was from men during the civil works. It is important to recall that this is the 
first plant installed by the developers and supported the learning experience for the 
following projects.
Education, Training and awareness
The delivery of basic concepts on electricity was possible via a training programme 
organised in the cooperative by the developers. The aim of this programme was to 
teach the community how to use the electricity; including what is allowed to use and 
what are the main health and safety risks on using electricity. For this training 
participation from men and women were required. Currently, Atahualpa lacks any 
type of training programme to update the community on energy issues.
Technology transfer
The MHP technology in the area was initiated with the implementation of this plant 
in 1992. In the late 1980s, this technology was brought from the UK with the 
support from ITDG-UK funds. The ITDG-Peru office in Cajamarca was selected 
because this region is rich in hydro resources. Atahualpa cooperative was selected 
because it is one of the few institutions with a well-structured set of production 
facilities. The aim was to support the development of these facilities and to provide 
light for 35 households.
At present, there is not an established way to facilitate the flow of information 
regarding the MHP technology at the community level. The main source of 
technology support comes from informal advice and field visits from the developers 
and a few courses organised by the developers.
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Overall, the main barriers to implement MHP technology in rural areas are the high 
equipment and services costs, the lack of financial mechanisms for rural areas, the 
lack of local technical capacity and an inadequate legal framework. Governmental 
support on financing rural electrification is needed together with a long-term 
strategy on training rural people on technical areas. A more efficient planning 
permission process for this type of technology is also required.
Atahualpa II SHS
Social Aspects 
Services and activities
The installation of solar technologies in isolated households of Atahualpa 
cooperative replaced the burning of kerosene and candles for lighting and the 
charging of old car batteries for watching TV. It allows other activities in the 
evenings such as knitting or sewing. Cooking activities remain unchanged, firewood 
is burnt for cooking; it is a free local fuel, they said.
Quality of life
During the focus group, the discussion focused on how great is to have access to 
electricity in the evenings. For example one discussant stated that:
I can do better my tasks in the evenings such as washing the dishes. Even eating is 
more enjoyable because now I can see clearly.
The participants agreed that now they have the possibility to enjoy more than 
before from accessing to electricity. They think that life is changing. Their daily 
routine is switching from early mornings to late evenings. They stated that as their 
houses are isolated (they do not have neighbours), now they feel accompanied 
when watching TV and they can also receive or visit their neighbours in the 
evenings.
Education
Having electricity at home helps improving the children’s environment to study at 
evenings, a participant mentioned. Before they had to study using a kerosene lamp 
or a candle, that damage their sight and made them tired more easily. The
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participants of the focus groups concluded that now children can study more at 
home with their support.
Health
From the focus group, the discussion showed that it is too early to know the impacts 
of using the solar technology. However, they think that the impact on their health is 
related to reducing the use of the previous fuels. The 50 households using the SHS 
are part of Atahualpa cooperative and use the health service from it. However, to 
reach this service takes them a minimum of 1 hour walking.
Integration
Access to household light allows the villagers meeting up with their neighbour in the 
evenings. It also keeps them in touch with the political and economic development 
of Peru that could affect them. E.g. now they can follow the US$ exchange rate as 
their loan quotes to pay for the solar systems are in dollars. From the focus groups 
it was perceived that there is little interest on the international affairs.
Economic aspects 
Energy expenses
A 65% reduction on energy expenditure is achieved by the use of the new systems, 
including kerosene fuel, candles and battery charging costs. At present, the 
average annual expenditure for the electricity is US$ 43/hh (considering the 
operating life and maintainenance, and capital costs). Before the expenses for 
energy were US$ 124/hh. The first accounts for 3% of the total household income 
and the latter 12%.
However, the SHS is more expensive than MHP technology (at US$ 0.9/kWh and 
an average of US$ 0.15/kWh respectively) it is cheaper than the typical baseline 
source of energy and the last does not provide an equivalent service.
Employment and business generation
The installation of the 50 solar panels took 1-2 months. Engineers and technicians 
from Cajamarca city arranged the installation. No job creation was possible 
because it only took two months. However, the people in charge of the installation 
used the services from the cooperative such as restaurants, shops, etc
The participants of the focus group said that SHS gives a great advantage to us. 
Now, we can also work at evenings (knitting). The co-operative can sell our hand
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made products, which increases our income. Other types of jobs (such as 
operational jobs) were not created because the solar panel systems are operated 
and maintained by the users who received training. Indirect jobs were not 
introduced yet because it has only been 6 months since the solar panels were 
installed. However, it is expected that local technicians will start providing services 
for the SHS.
Women think that the solar panels provide life in their houses and make the day last 
longer. Men think that however it is expensive, it is necessary and they would like to 
be able to use more electricity, they would like to get other appliances such as 
blender, colour TVs, stereo, etc. Now, women do not have to walk (once/wk) to 
obtain kerosene/candles. But they can continue knitting in the evenings
The household income has decreased in the short term in the sense that for 3 
years the loan payment is $300/y. This amount represents -20% of the annual 
income per family. One participant said; now we are making this sacrifice but in 3 
years time will be over and we would not have to pay anymore.
Environmental aspects 
Water and land impact
The discussants believe that the introduction of the SHS technology has not 
impacted the local water and land resources. They said that the systems are very 
small and are installed in the roof of their houses, water or land was not used for 
that.
However, the households using the solar systems used to charge batteries from the 
main town (Atahualpa). There is only an old battery bank placed in the main town 
where these old batteries are kept and taken apart to be re-used. See Atahualpa I 
MHP plant.
Air impact
From the introduction of this technology an average of 17 tC02/year is reduced, 
with a total of 340 tC02 in 20 years of the system operation life. Atmospheric 
pollution is reduced and indoor pollution has been eliminated from the kerosene 
and candles usage.
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However, as in the other projects the main source of indoor pollution comes still 
from the cooking activities by burning firewood, which is accessible for free. An 
average of 120 kg/hh/year of firewood is being used in these households.
Noise impact
Noise is not an issue, in contrary the discussants said that their houses and 
surroundings are too quiet.
Long-term delivery
The users of the SHS technology expressed the view that they would like having 
more electricity to use other appliances. However, they also mentioned that the 
systems are expensive and with what they have got is enough for the moment. It 
will take them a while to recover financially after paying the loan.
The possibilities to connect to the national grid are low because the houses are 
isolated from each other.
Capacity building
Decision making process and local involvement
Atahualpa cooperative together with potential users and ITDG coordinated 
implementing an energy project. The idea started in 2000, when ITDG carried out a 
feasibility study and propose as best alternative for the families a set of SHS 
project. This was based on the isolated location of the households, costs and solar 
resources of the area. The potential users were involved in the decision making 
process since the beginning until the implementation of the systems. Women were 
involved during the implementation for training; however, the men made the 
financial decisions. ITDG provided the technical services and a loan, which is being 
paid by the users.
Training and awareness
A training and awareness programme were given to men and women at the 
beginning of the plant operation. Local technicians were also trained to solve basic 
technical problems with the system; such as the changing of fuses or issues with 
the battery of the panel. If further problems arise ITDG provides technical support, 
which is included in the project costs. ITDG developed a simple operating manual, 
which was disseminated in each household. This project represents the first 
experience of ITDG in solar technology. In the first months of operation few
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problems occurred with the systems. A typical problem was the burning out of fuses 
because more electricity than permitted was used or burning packaging plastics 
which were not taken out from the bulbs. The last example does not sound logical 
but it is important to remember that these people have not been exposed to electric 
lighting before.
The main problem for the developers is the fact that SHS are an expensive 
alternative for rural people. Solar resource is available in the region but the 
technology is not attractive yet. From this experience, ITDG believe that 
implementing solar panels is more straightforward than MHP plant. However, the 
most expensive system equipment, the solar module, is not produced nationally. 
Most of the rest of the system equipment can be found in Cajamarca city; but the 
prices are higher in comparison to the Lima. Therefore, dependency on suppliers 
from the capital also exists as for the MHP technology.
On the other hand, the lack of local technical capacity is also a problem for the 
long-term operational life of the systems. Training orientated to provide basic 
knowledge on the technology is required. ITDG have the institutional capacity to 
provide this type of training, as it has a technical workshop. Lack of financial 
resources and organisational capacity (local initiative) are always the problems in 
rural villages.
Regarding the planning permission process needed by the governmental 
institutions, they are slow but possible to obtain. It seems that there are fewer 
barriers for SHS technology than MHP technology.
Yumahual MHP
Social aspects 
Services and activities
Before the introduction of the plant, the site was empty. Now, the MHP plant 
supplies electricity for the incubation and hatching compartments, lighting inside 
and outside the incubating plant as well as for charging a battery that supplies 
power to a short wave radio receiver/transmitter used for communication with the 
farm. It is also used to operate a fridge appliance to supply soft drinks. Only one 
household use the electricity from the plant, this is the chick farm and MHP plant 
operator’s house. The use is mainly for lighting and to power a black and white TV 
and a radio.
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No focus group was carried out for this project Hence, the information for the 
assessment of sustainable development is based on the analysis from the other 
aspects (financial, GHG emissions and my own observations.
Trinidad MHP
Social Aspects 
Services and activities
The participants of the focus groups stated that the introduction of the MHP plant in 
Trinidad has made possible to partially (only 30% of the families have access to the 
service) eliminate the use of kerosene and candles by replacing it with electricity for 
lighting. It has also allowed installing a local battery charging station, which avoid 
travelling to the neighbour town of Tembladera. This trip takes two hours by car 
during the summer and 6-10 hours walking or horse riding during winter. The 
cooking activities remained unchanged and are still based in burning woodchips. 
Reducing dependency from non-local battery charging service and fuel suppliers.
The creation of new small businesses has been also possible, now the villagers 
have more options to choose from. For example, before the introduction of the MHP 
plant there were only 2-3 bakeries, now there are 6 bakeries. In this community, 
creating new activities is mainly copying similar existent activities without 
considering the potential of the local market.
Quality of life
From the discussion, it can be established that the villagers think that electricity 
access is changing their way of living. For example, before they finished the day at 
19:00-20:00 hours; now they stay until 22:00-23:00 hours. During those extra 
evening hours they can receive visitors in the evenings and they can practice other 
activities such as watching TV for men and knitting for women. Electricity has also 
improved family relationships as parents and children can carry out other activities 
together at evenings.
It also allows learning new skills by using electronic appliances that were not known 
before. This makes them satisfied and in touch with the technology available in the
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cities from the coast20. For example, the fact that a housewife is able to use an 
electric blender to prepare new recipes signifies a lot to them.
The participants refused the idea of returning to the previous source of lighting, 
stating that:
Electricity provides chances to develop new business and activities in the 
community; it also supports us acquiring new skills.
Education
During the focus group discussion, a school Teacher explained that access to 
electricity promotes children to receive external influences from TVs programmes. 
These programmes make children aware of what is going on the world outside the 
community, creating discussion about new issues within the school. Electricity also 
allows children to study longer hours at home with the help from parents. In 
Trinidad village only 30% of households have access to electricity; hence the 
improvement on children’s performance as a result of electricity access is not clear.
As a result of the electricity, the changes in adult education was referred only to the 
fact that access to TVs and radio supports them to know about the current affairs 
outside Trinidad. People here seem more interested in creating new type of 
activities, which will help them to improve their income.
Health
The changes that electricity has promoted in this village seems quite positive 
because at present, Trinidad has a health centre that can serve better emergency 
patients also at night. It also allows using a sterilization system and a fridge to 
preserve vaccines. It is important to highlight that during the rainy season the 
accessibility to the village is only possible walking or horse riding, which could take 
6-10 hours. In this season, the availability and storage of basic medicines is very 
important and the electricity provided by the MHP plant makes this possible. At the
20 The coastal cities of Peru are positioned as more developed and advanced because these cities 
have the main production sites, jobs, better access to education and services. The people from the 
coast have always shown a general feeling of superiority towards the people from the Andes (or 
sierra).
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same time, Trinidad is the capital village of the District and there are many other 
villages around that attend Trinidad as the closest place for health urgencies.
Integration
The partial access to electricity supports the community integration and social life at 
local level. One of the most important changes is the installation of a public phone 
box, which the discussants referred as the link between isolation and the world. 
They are really pleased to be able to communicate with friends and family or even 
costumers of their agriculture products. Before, they used the mail service, once a 
day during summer time, which was slow and not always reliable.
The availability of TVs and radios also supports the integration of the community to 
the country current affairs.
Economic aspects 
Energy expenses
The introduction of the plant has made possible reducing the energy expenses in 
more than 40% for the users. Before an average of US$124/hh/year (ITDG 1996) 
was spent in lighting activities; now, an average of US$70/hh/year is being spent 
(see Chapter 5). The first figure represented 16% of the total household income and 
the second figure only 9%.
The users participating in the focus groups recognised that savings are being made 
but they did not know exactly the amount of these savings.
Employment and business generation
The MHP plant permitted the creation of 1 direct job, the owner’s job that is also the 
operator and the manager of the plant. A minimum of 8 indirect jobs was also 
created, assuming that one job was introduced per each of the 8 new businesses. 
As mentioned before, most of the new businesses created are a copy of an existent 
business such is the example of the bakeries. Consequently, competition 
originates; however, the local market consists of only 70 families. If now there are 6 
bakeries, means that one bakery could serve 11 families and before 3 bakeries 
were serving 23 families each. This situation reduces the businesses income, 
making them more vulnerable. In Trinidad, new businesses have been created but 
there is not always market for all of them.
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Environmental aspects 
Water and land impact
The discussants from the focus groups are not aware of any important impacts that 
the introduction of the plant has originated to water and land environments. The 
supply of water has not affected the villagers because the plant is located 
downstream and away from the town (about 300m). The total land used for the 
installation of the weir, penstock and powerhouse is less than 35 m2. The local 
people living close by the MHP plant were consulted about the development; 
furthermore a permission from the Ministry of Agriculture to use the hydro resources 
is a requirement for this type of project. Old car batteries are still in use by the 
families without access to electricity. A local charging station is available, which is 
about 10 minutes walking from the town. The community lacks of appropriate waste 
plan for these batteries. Very little knowledge on the risks to lead exposure has 
been shown during the focus group and the visit.
Air impact
The focus group agreed that the MHP plant permits the reduction of burning 
kerosene, which could cause types of pollution. It could be seen that there is not a 
clear understanding of what are the effects of kerosene. In Trinidad, using the new 
technology permits a total of 5.7 tC02/year emissions reductions. At present, the 
only air impact seen is the indoor pollution as the main fuel for cooking is firewood 
in typical cook stoves. However, the villagers are not aware of this issue. For them 
is important to consume the cheapest fuel.
Noise impact
The focus group stated that the MHP plant do not have major noise impacts in the 
community. This is because the powerhouse of the plant is located away from the 
town. However, they recognised that sometimes there is noise in the evenings from 
house parties.
Long-term delivery 
Future expectations
The participants mentioned that they would like to have access to more electricity 
but they would not be willing to pay more for it. The reason for that is because there
241
Chapter IV Sustainability analysis
is a general discontent with the management of the plant The participants who do 
not have access to the electricity also show interest. At present, the village is 
waiting for the national grid to finish installing the distribution lines in Trinidad. This 
work has started in 2002 and until now little progress has been made. The 
participants believe that the national grid electricity is cheaper and more efficient.
Capacity building
Decision making process and local involvement
As Trinidad MHP plant is privately owned, the local involvement was minimum. The 
decision to implement the project was coordinated between the developers and the 
owner. The location was selected because of its hydro resources. The owner idea 
was to create an electricity service for part of the community. A feasibility study of 
the community was applied prior the final decision. The study’s objectives were to 
find out the social and economic situation of the community and to establish the 
possible energy demand and user’s affordability to pay for the service.
Training and awareness
The owner received advice and training in managing and operating the plant, 
including administration procedures techniques and technical manuals. These 
training and advice were provided before the plant started and during the first two 
years of operation. In fact, a technical manual containing basic operational 
procedures, health and safety advice together with a set of regulations on operating 
the plant was developed and provided. Training on the use and risks of energy at 
household level was also given to the users. The lack of awareness about electricity 
risks is shown in the following quote recalled by the developers:
The 220 volts current is not dangerous....
Technology transfer 
Technology barrier
By 1997, the developers had accumulated more than 5 years on MHP technical 
experience. However, the main obstacles remain the lack of finance facilities for 
rural electricity, the legal framework and the long bureaucratic process of obtaining 
permission for the development of the plant. At the local level, the lack of technical 
expertise and appropriate educational programmes to support the long-term plant
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operation and maintenance is the main problem. The technical support and supply 
of the equipment parts are mainly available in the major cities of Peru. For example, 
for Trinidad the closest cities would be Chiclayo or Trujillo, reachable by bus in 
about 4-5 hours. This is a significant barrier for the owner of this plant as it 
increases the operation and maintenance costs and time to solve technical 
problems. This shows the level of dependency that this type of technology presents 
in rural areas.
Chalan MHP
Social Aspects 
Services and activities
The main services introduced are a welding and an appliance repair workshops 
together with a battery charging station and milling services. The main activities 
replaced are the burning of candles and kerosene for lighting. These new services 
and activities replace makes our town less dependent on Celendin, reduce costs on 
energy and services together with transport costs and also reduce time spent in 
travelling. Now, we can grain locally our products too, that makes meals cheaper; a 
Comedor Popular21 representative stated.
Quality of life
During the focus groups the participants agreed that the introduction of the MHP 
technology has varied their life style. The villagers think that their town is more 
attractive than before. This has added two main benefits for them; a social and an 
economic improvement. Socially, it has increased the local social activities in the 
evenings and it makes them feel more secure by having streetlights. Economically, 
it has added property value and accommodation prices. Now neighbour villagers 
from other towns would like to move to Chalan because there is access to 
electricity. The discussants also suggested that having access to TV allows them to 
be more in touch with the country and to entertain themselves by watching sports 
such as football. One participant stated the following:
21 A Comedor Popular (Community Refectory) is organized and funded by a government programme, 
with the aim to reduce meal costs for rural households. Local women play an important role, as they 
have to cook for the community, they share the cooking activities and provide subsidized meals for the 
local families.
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Now, we are connected to the world with the TV. Light is life, without it Chalan is 
dead... Now can socialise more with out neighbours and go out in the evenings ...
Education
Education has evolved by the introduction of the MHP technology in Chalan. At 
present, children are performing better at school; there are less children that do not 
finish their homework. In average, the study time at home has increased from 2 to 4 
hours per day. Parent’s participation in the education of their children is also noted, 
this element is very important for children’s development and learning process, a 
school teacher stated.
Health
A representative of the health centre established that Chalan as the capital of the 
district (Miguel Iglesias) plays an important role in health services and that 
electricity permits to preserve the basic respiratory vaccines. However, electricity 
can support the local health service, there are times when the lack of provisions do 
not allow to make use of the available energy. The problem is deeper in a country 
such as Peru, where the health service in rural areas is not very well considered by 
the government. Low budget to obtain the basic medicines, low number of staff and 
poor infrastructure are a few examples of the situation. Therefore, the problem is 
not how to preserve or maintain the necessary medicine, instead is the lack of 
medicine. Sometimes, locals with basic health matters are required to attend the 
main town, Celendin, to receive treatment and it is not due to lack of expertise 
instead is due to the lack of medicine and equipment.
On the other hand, due to the access to electricity Chalan has access to a private 
dental service. Usually, rural villages lack from dental services; in the case of 
Chalan, before this service was implemented, the closest dental service was found 
in Celendin. This local service, now, reduces health costs (a return journey to 
Celendin costs US$ 3) and travelling time for villagers (about 5 hours during dry 
season).
Integration
Local integration has increased within the community; people now can visit each 
other or can meet up informally in the evenings. However, one of the most
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important changes for Chalan has been the installation of a public phone box which 
people see as very important for the integration of their community to the rest of the 
country. They are glad with the fact that they can communicate with their family and 
friends, especially during the rainy season when access to the community is 
difficult. The access to TV and radios was also mentioned as a way to find out what 
is going on in Peru or other parts of the world.
Economic aspects 
Energy expenses
In Chalan, the household energy expenses have been reduced about 85%, from an 
average of US$ 187/hh to US$ 21/hh (see Chapter 5 for details on energy costs). 
The first figure represented 30% of the household income and the last figure only 
4%.22 These savings were acknowledge as very positive by the focus groups’ 
participants; now they have extra money to spend in other necessities such as food 
and clothes for their children.
Employment and business generation
At least, 14 new jobs were created with the new businesses and services. Plus 2 
direct jobs created for the operation of the plant. With the introduction of the MHP 
plant, the village has increased its economic activities. 1 restaurant, guesthouses, 4 
grocery shops, the welding and repair workshops were created and the other 
existent facilities improved their services. At the same time, the battery and the 
public phone services also attract people outside Chalan. For example; about 10 
people/month charge car batteries to run TVs and about 20 people/month make 
phone calls. These people live 1-2 hours walking distance from Chalan.
During the two-year development of the plant, direct jobs were created locally 
because the users provided their workforce as part of the installation service fee. A 
total of 47 working days per user were needed. The local economic activities also 
increased such as accommodation, restaurants, grocery shops, etc.
Environmental aspects 
Water and land impact
22 In 1996, the average income in Chalan was US$ 632/year/hh (ITDG 1996) and in 2002, the 
average income was US$ 677/year/hh, data taken from field trip.
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The discussants of the focus groups stated that water and land impact as a result of 
the MHP plant operation is minimum. The use of land for the construction of the 
plant was minimum too. Local farmers were consulted about the construction plans. 
The Ministry of Agriculture granted permission to use the local hydro resources. 
The only issue in the town is the managing of old car batteries; there is not a 
procedure for this type of waste. Old batteries can be kept in houses, can be re­
sold, can be taken apart, etc.
The same occur for the management of clinic waste from the health and dental 
centre. Lack of local awareness is the main problem together with lack of 
procedures.
Air impact
The introduction of the MHP plant reduces an average of 54 tC02/year; hence a 
total of 1350 tC02 in 25 years can be reduced (see Chapter 4 for details on GHG 
emissions reductions in Chalan). Thus, the technology supports the world climate 
change impact. However, the climate change issue is not known in Chalan at all. 
Awareness on local pollution is minimum in the village.
Using the MHP plant has not modified cooking activities in the community. Villagers 
are still burning an average of 450 kg/hh/year of firewood, which can caused great 
damage to children.
Noise impact
The MHP plant is located about 200 m from the town; hence, noise does not affect 
the locals.
Long-term delivery 
Future expectations
From this aspect one of the main issues discussed was the future of the 
management service. As noted above a local committee managed the plant during 
2 years and now the council is in charge of the service management. However, the 
users perceive the present management system as not democratic because they 
do not participate in any decision regarding the service. It is unknown its annual 
income, expenses and profits. They believe that with the experience from the 
previous management committee provisions can be taken to avoid un-appropriate
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use of the financial resources from the plant On the other hand, the council estates 
that financial information about the service is available at request and that they 
believe the plant has improved its operation (financially and technically) in their 
hands.
Another important issued presented by an Adventist church representative was the 
lack of electricity service for more than 50 families, he stated:
There is the need to expand the service for the villagers without access to 
electricity; they are more than 50 families. The council should take care of finding 
financial resources to upgrade the plant and to subsidise the installation fees for 
those families.
Capacity building
Decision making process and local involvement
The decision of installing the MHP plant was made by the initiative of the local 
council, DIACONIA-NGO and the local community. The first two approached ITDG 
for technical and financial support. The development of the project took about 3 
years. ITDG took the role of managing the project plus providing technical 
expertise. The local people were always involved in the decision making with the 
representation of a local committee, which was selected by the community.
The community was involved on the project development from the project idea, 
implementation and operation of the plant.
Training and awareness
ITDG was also in charge of delivering local training and awareness on energy use, 
managing the service and operating the plant. The users were trained in energy 
issues via local seminars and via learning material. The aim was to provide basic 
knowledge on how to use the electricity and the risks on using it. The local 
committee also were approached for training on how to operate the MHP plant, how 
to maintain it, how to administrate and how to apply the electricity tariff. The training 
programme was carried out in stages during the 3 years of the plant 
implementation. It is important to address that during this time the developers had 
to live in Chalan, this factor allowed them to know better the community.
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Technology transfer 
Technology barrier
The slow and centralised process to obtain the permission for the construction of 
the plant was one of the principal barriers for the developers. The lack of local 
technical expertise together with the dependence on the capital (Lima) for supply of 
equipment made also the process slow. These two factors also increased the 
project costs as non-local outsourcing was needed and transport costs were high 
because of the remote and difficult location of Chalan from the capital.
At present, Chalan still lacks of local expertise to solve technical problems of the 
plant. This means that if the plant has any problem, it stops its operation until 
technical support comes from the main towns.
Chugur MHP
Social Aspects 
Services and activities
The introduction of the MHP plant eliminated burning kerosene and candles for 
lighting and charging car batteries for watching TV and listening radio. It replaced 
manual for machinery based carpentry workshops. It allowed creating 15 small 
businesses including grocery shops, restaurants, workshops, a battery charging 
and a milling station, cooling milk facilities and a cheese production site. The 
villagers think that their town is fewer dependants on the next town facilities.
Quality of life
During the focus group the participants stated that the MHP plant brought more 
entertainment and sharing time with families as the follow quote shows:
We can enjoy the evenings with our family and avoid going to bed early’
It also was acknowledge that the plant made possible to spend time in other 
activities rather than obtaining fuel supplies, one discussant mentioned:
We do not have to spend too much time going to Chota to charge the battery for 
watching TV
Education
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The participants of the focus group explained that now children have more time and 
better quality of lighting to study in the evenings. Their study time at home has 
increased. Children are more active and aware of what is going on in the country by 
watching TV, this permits them to discuss about current programmes or national 
celebrities. The adult education has been improving because of the accessibility to 
TV and radio.
Economic aspects 
Energy expenses
A 82% reduction of the total energy expenditure has been achieved by the 
introduction of the technology. At present, the average annual expenditure for the 
electricity is US$ 21/hh (at US$0.06 /kWh), before the expenses for energy were 
US$ 118/hh.
Conchan MHP
Social Aspects 
Services and activities
The MHP plant replaced burning kerosene and candles for lighting, powering TVs 
with old car batteries and carrying out manual processes. One local carpenter 
stated that accessing to electricity allow its workshops to be more efficient by 
saving time. Manual operations are now carry out with electro-mechanical 
machines, now we can use that time in doing other works that increase our 
production; hence, our income.
Electricity made possible stopping supply dependency from the neighbour town, 
which is located 1-2 hours away. It also introduced new local markets opportunities 
with the creation of different types of workshops, a dental centre, numerous small 
shops, a guesthouse, a restaurant, etc. Now our town has also access to photocopy 
facilities, said a participant
One of the concerns expressed during the focus group discussion was the lack of 
local capacity to create new services. The locals agreed that access to new training 
opportunities is needed; there is capacity availability for production facilities. 
However, we do not know what to do with the electricity, they stated.
Quality of life
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The focus group participants stated that one of the main benefits for their quality of 
life improvement is the access to TVs and radios, they stated:
Now life is not so boring... without electricity we went to bed eariy in the evenings...
Another benefit mentioned is the opportunity electricity brings to promote religious 
belief23. A representative of the local church stated the following:
With electricity our local church can organise religious evening meetings, when we 
get together and discuss about the bible and our spiritual experiences. We also 
organise community activities...
Education
The participants suggested that access to TVs and radio has influenced the 
children and adults education. New facilities such as a photocopy machine supports 
children’s school homework. A local housewife mentioned:
In our small town, we do not have a local newspaper and now the only source of 
information is TVs and radio.
One of the participants also stated that TV access is important for children; 
however, it could have a great influence on their behaviour, he said:
We, parents, do not know how to limit that influence and it is difficult to know what 
are going to be the long-term consequences on our children’s personality.
Health .
A nurse representing the health centre expressed how beneficial is to have 
electricity for the local community as follows:
Now we can preserve basic medicine locally using a small fridge and we serve the 
locals with them. We are also using a nebulizer to attend children with asthma that
23 Peru is a very religious country, with more than 90% of the population being Catholic, In Andean 
rural communities, religion plays also a very important role, it is in these places where special and 
well-known religious festivities take place.
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are quite frequent in the village. This saves time and money, avoiding us to travel to 
the next neighbour town to collect that medicine or to receive treatment...
A local private dental centre was also opened as a result of the electricity access. 
The locals received the dental centre very well, as now they do not have to travel to 
other towns. In fact, now neighbour villagers come to Conchan for dental treatment.
Integration
This aspect of the focus group discussion showed that participants believe that 
Conchan is a more integrated community. Locally, it can be seen that there is more 
social life and more activities carry out thanks to the MHP plant. Not only in the 
evenings but also during the weekends. For example, electricity allows the 
community to organise social events such as Sunday dinners to fund a specific 
activity. By using music during the activity attracts visitors from other villages to 
participate.
Regionally, the town now receives more visitors, who come to access some of the 
services. This allows the community to integrate to their neighbour towns. One of 
the participants mentioned the following:
Ten years ago Conchan was dark and isolated, now it is bright even at night.
Nationally, Conchan now has access to TV and radio programmes, these inform the 
community about what is going on in Peru. However, the participants also 
mentioned that there is still a lot to do for the development of their town. For 
example, Conchan lacks of a phone service, which they believe it is important to 
integrate them with their families and friends living in other parts of Peru; and also 
to support businesses.
Economic aspects 
Energy expenses
At household level, a total reduction of more than 60% on energy expenses was 
possible with the introduction of the plant. At present, the average annual 
expenditure for the electricity is US$ 20/hh and before was US$ 55/hh. The first 
figure represents 3% of the total household income and the second 9%.
251
Chapter IV Sustainability analysis
It is important to mention that the creation of new businesses and services would 
have been more expensive with another type of technology, if not impossible. The 
introduction of those new enterprises also allows the community to save money 
(and time) travelling to obtain the same products; these are the indirect savings 
from the energy plant.
Employment and business generation
During the implementation of the plant, which took about 3 years direct and indirect 
jobs were created. Part of these direct jobs served as payment of the users’ 
installation fees. When the plant started its operation, three direct jobs were 
created. The creation of the new businesses and services originated a minimum of 
15 indirect jobs were originated. The following statement shows what really means 
the introduction of the MHP technology in Conchan:
I would say that since our hydroelectric plant started operating, our town has 
developed enormously. For example, in the business and service sectors have 
increased with the installation of carpentry workshops, battery services, shoe repair 
service, welding workshops, etc. The manual labour has been replaced by 
machines, increasing our local economy and cutting dependence from our 
neighbour town... (Administrator of the MHP plant)
Environmental aspects 
Water and land impact
The discussants believe that the main effect of installing the MHP plant in the 
village is the reduction (very minimum) of the farming land for animal husbandry 
and also the reduction of water resources for farmers. It is important to note that 
Conchan is a community with a very high hydro potential, operating 24 hours/day; 
in summer its operation is nearly as normal.
Air impact
One of the participants stated that the carpentry and welding workshops are 
sources of indoor pollution. They produce dust and fumes that can harm the human 
health. However, there are no precautionary measures,never mind regulations to
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deal with this problem. Advice and training on how to handle and to protect 
operators is required.
The MHP plant allows a reduction of 15 tC02/year, or 375 tC02 in 25 years. 
Contributing to reduce climate change and local pollution.
Noise impact
The operation of the plant causes noise impact only to two houses located about 
100 m from the powerhouse. The main town is located about 1000 m away. During 
the facility visit it was noted that the operators do not use any protection equipment 
and they are not aware of the long-term hearing problems that this noise can cause.
Long-term delivery 
Future expectations
The discussants agreed about the idea of upgrading the capacity of the plant. They 
suggested that the population of Conchan is growing and will need electricity; that 
new services should be created to support the local economy and that these 
services will also need electricity. However, they also suggested that the 
government should take care of providing electricity to the community. The closest 
national grid connected village is about 8 km away from Conchan, the participants 
showed expectations on being interconnected very soon.
Capacity building
Decision making process and local involvement
The council initiated the project idea with the aim to provide electricity for household 
lighting because the locals were asking for it. The council together with the 
technical advisors (ITDG), the local community and the government (providing a 
grant) were involved in the decision making process. A pre-feasibility study was 
carried out to find out the hydro potential of the area, after that a detail project plan 
and development was carried out by ITDG. The community was always informed 
about the project progress via local meetings, taking place during the 
implementation of the plant (about 2 years).
Training and awareness
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During the implementation of the plant the community was also trained about basic 
energy issues; its use, its risks, its tariff, etc. The management committee was also 
trained on administration, operation and maintenance details of the MHP plant. At 
present, the committee communicates continuously with the developers. They 
maintain a good relationship, ITDG organises an updating training programme on 
energy issues every 2 years. The managing committee shows interest in learning 
and finding new ways to keep its costumers satisfied with the service.
Technology transfer 
Technology barrier
The MHP technology was selected because it was the most cost effective 
alternative for the community. The local availability of the hydro resources was the 
primary reason to choose the technology.
Lack of basic technical capacities is one of the main barriers found by the 
developers when implementing the plant. The poor road access was also a 
challenge for the developers, when transporting the machinery was required. 
However, the participation of the community, council and government institutions 
supported played a very important role to solve the technical or logistic problems 
during the plant development.
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1. Introduction
The COM process places barriers on the implementation of small projects, one of which is 
the evaluation of emission reductions. This chapter analyses how best to calculate such 
emissions, using experience from nine small projects; one status quo, seven micro hydro 
plants (MHP) and one solar home system (SHS) activity in rural Cajamarca. The intention 
is to contribute to developing standardised methods to calculate emission reductions and 
to explore the key variables for monitoring small-scale activities. Here, it is also explored 
how to bundle similar types of off-grid rural electrification projects such micro and solar 
technologies. This considers that bundling small projects, where the same type of 
technology is aggregated, has particular problems because individual baselines are not 
feasible.
The specific objectives of this part of the study are as follow:
• To estimate C 0 2 emission reductions from energy plants in Cajamarca considering the 
baseline and the project emissions, identifying the key variables.
• To compare results of these emission reductions using operational project data with 
the results from available methods for small renewable projects.
• To suggest baseline options for bundling similar energy projects.
• To propose monitoring procedures for small energy projects in rural communities, 
which are also appropriate for bundling these types of projects.
This chapter is structured into seven main sections. Section 1 introduces the projects in 
Cajamarca, Section 2 provides the background methods to calculate emission reductions, 
Section 3 summarises the assumptions for the calculation of emissions and then Section 4 
provides a framework for this calculation, with the results discussed in Section 5. This is 
followed by Section 6, which comments on the possible implications of these results and 
finally the conclusions of this study are given in Section 7.
1.1. Project selection and data Collection
This section summarises how the data to assess emission reductions was obtained,
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Chapter III provides detailed information on the approach applied. In order to select the 
projects, the first step was to collect information from previous successful projects 
operating in rural Peru. Initially, December 2001, technical and financial data were 
obtained from the developers, Intermediate Technology Development Group-Peru. This 
allowed identifying the location, number and sizes of the schemes; in fact, Cajamarca 
region was chosen as there are operating the major number of Peruvian micro-hydro 
plants. From there, a total of 9 projects was selected; one status quo community 
(Ahijadero), 7 MHP plants (Trinidad, Chalan, Chugur, Conchan, Yumahual, El Tinte and 
Atahualpa I) and 1 solar (Atahualpa II). This selection considered plant capacities, 
electricity use and type of ownership, refer to Table 1.
Following the selection stage, questionnaires aimed to obtain information about the 
projects’ development process, difficulties and benefits, source and type of fuels used, 
technical and financial data were developed. Specifically, quantitative data was needed to 
calculate emission reductions; data for the baseline and project emissions was gathered. 
Information such as expenditure, types and quantities of fuels used before the installation 
of the plant allowed quantifying baseline emissions. For that, feasibility studies reported 
by the developer prior the installations of the off-grid systems were revised. Besides that, 
a sample of households (more than 10%) in each community was surveyed with door-door 
questionnaires for the project emissions. For the status quo community, Ahijadero, these 
surveys permitted to know the present use of fuels and to compare it with the communities 
using off-grid energy supply system. The data was collected between July and September 
2002, during the dry season in the region, when travelling to these rural villages is more 
feasible.
1.2. Background to energy projects
As mentioned, the 9 projects studied are located in Cajamarca, which is an Andean region 
of Peru. It is about 3000 m above sea level with a total population of 1,395,000 of 
inhabitants (Flores et al. 2000). During the dry season, from July to September, the 
average accumulated precipitation (1995-1998) is 20mm/month; in contrary, during the 
wet season is 90.6 mm/month (IGF 2002). The main activities in Cajamarca are in the 
agricultural and mineral sectors; the area is recognized for producing diary products and
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for commercializing them to the major cities of the country. The poverty levels for these 
communities are between poor and very poor; indicating that more than 30% and 40% 
respectively of the population live within poverty limits1 (Flores et al. 2000). The region has 
the highest number of people without access to appropriate health service, sewage 
systems, road accessibility and electricity. The electrification rate given to Cajamarca 
establishes that only 33% of the population have access to electricity (MINEM 2002c, 
p32). This rate means that almost one million people have no access to electricity. The 
following describes each project in relation to their energy pattens, fuel use and activities 
carried out.
1.2.1. AHIJADERO
Traditional rural technology is used for lighting, which is carried out burning kerosene and 
candles. Old car batteries are used to power black and white TVs or radios; but less than 
25% (30 families) of the households own one TV (ITDG 2002). The rest of the households 
own small radios which are powered by dry-cell batteries obtained locally. Kerosene and 
candles are available locally. Old car batteries need to be charged in Bambamarca 
reached either by walking or by car. Cooking is carried out with cooking-stoves that burn 
wood. There is only one carpentry workshop which uses a small gasoline generator (100 
US$/year at 30 soles/month of gasoline) to power two machines. Besides, there is a public 
phone that is powered by a solar power system.
On average, each family spends about US$ 63/year (18 soles/month) on energy, 
assuming that the fuel for cooking is locally available and free then this expenditure is for 
kerosene, candles and battery charging (if the family re-uses car batteries).
1.2.2. TRINIDAD MHP PLANT
In 1997 a MHP plant started operation in Trinidad. This is a 4 kW turbine, which provides 
electricity to 22 households plus a 1 kW turbine, which powers a battery charger. The 
plant started powering 20 households with electricity for lighting. As a result of the service, 
eight new small businesses were created; 3 small grocery shops, a carpentry workshop, 2 
new bakeries, a restaurant and a guesthouse. During winter the plant operates for five
FONCODES developed the poverty levels for Peru -in 2000- in the form of a ‘poverty map’. This map recognizes seven 
different indicators for the county; malnutrition, health, education, road access, potable water, drainage availability and 
electricity (Flores et al. 2000). See also Chapter III.
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hours and during summer only three hours. Currently, a total of 12 MWh/year is 
consumed, from which 60% is used for lighting and the rest for the charging battery 
service, see Table 17. The annual household consumption is 320 kWh/year, see Table 12.
The introduction of the MHP technology replaced the burning of kerosene and candles; it 
also reduced the charging of car batteries. The rest of the households in the village (100 
households) are still using typical lighting fuels and using a battery charging service 
powered by the micro hydro plant.
1.2.3. CHALAN MHP PLANT
In June 1995 Chalan MHP plant started its operation providing electricity for domestic 
(initially 82 households), institutional and small-scale industry activities. By 2002, the plant 
was producing energy principally for lighting and to run appliances such as black and 
white TVs, and blenders. There are 94 households, 2 restaurants, 2 small guesthouses, 5 
grocery shops, 3 bakeries, the town hall, the health centre and the police station that have 
access to electricity. In addition, 2 carpentry, 1 welding and 1 repair workshop, 3 mills, a 
dental practice and a battery charging station also profit from the energy of the plant. The 
workshops operate small machines such as compressors, the bakeries only use the 
electricity for lighting, as rustic brick-ovens burning wood operate. It is important to 
consider that this village is very poor and the infrastructure is below a basic level.
During the dry season the MHP plant works only for 3 hours/day and during the rainy 
season the service operates 12 hours/day. In normal conditions, the plant is shutdown for 
one-day maintenance every three months. Currently, the average energy consumption is 
33 MWh/year, of which 90% is used for household lighting and the rest for services 
(battery charging and milling). The annual household consumption is about 316 kWh/year, 
see Table 12. The MHP plant replaced burning kerosene and candles for lighting. It also 
decreased using old-car batteries, charged in Celendin town (60 Km away).
1.2.4. CHUGUR MHP PLANT
Basic electricity service is available through a 75 kW MHP plant operating since 1997. The 
plant provides electricity to 115 households. The project started with the council initiative 
to provide domestic light and electricity for production purposes. As a result of the plant
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introduction, the creation of 15 small businesses was possible. New grocery shops, 
restaurants, carpentry and welding workshops, two cooling milk sites and a cheese 
process facility are among these new enterprises. The installation of a battery charging 
service and a milling station was also possible.
It is estimated that annual energy use is 40 MWh, from which 86% belongs to household 
use and the rest to services, see Table 17. An average of 300 kWh/year is consumed per 
household. The MHP plant replaced the use of kerosene and candles for lighting; besides, 
it reduced the charging of old-car batteries to power black and white TVs.
1.2.5. CONCHAN MHP PLANT
In 1995, an 80 kW MHP project started operating with the idea to power households, 
institutions and small-scale enterprises. Initially the MHP plant serviced 104 households, 
local institutions and small-scale industries. Now, the plant produces energy to light 160 
households, 3 restaurants, 1 guesthouse, 8 small shops, 7 bakeries, the town hall, 3 
churches, 3 schools, the health centre and the police station. In addition, small machinery 
are powered to run 2 carpentry, 2 welding and 1 repair workshops, a dental practice and 3 
battery charging stations.
It was estimated that the energy consumption of these villages is about 53 MWh from 
which 51 MWh (Table 17) is used for domestic applications (332 kWh/hh/year) and the 
rest for services activities; see Table 12.2 The plant provides 24-hour service during all the 
year. A few down times of the plant can occur during the dry season, when the water 
availability could low. Once a month the plant is shut for meter reading; it is important to 
point out that this is the only project with meter readers in each household.
The MHP plant replaced the use of kerosene and candles for lighting; besides, it reduced 
the charging of old-car batteries.
1.2.6. YUMAHUAL MHP PLANT
Yumahual MHP operates since August 1997; its electricity production powers a privately
2 Assuming 5 working days per week and 52 weeks per year and considering the average number of hours used per 
machine.
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owned broiler chicken farm. The 11 kW MHP scheme and the chicken farm belong to the 
same person. The initiative to incubate fertilised eggs was promoted as an across the 
board business strategy aimed at reducing costs by incorporating new regional activities. 
This severed the dependence on suppliers of broiler chicks from other regions of Peru; the 
closest supplier of broiler chicks is located at 600 km away from Yumahual. The plant 
does not have an electric meter installed but an estimation of its electricity demand 
suggests an annual consumption of 65 MWh; see Table 17 and 33.
1.2.7. EL TINTE MHP PLANT
In 1996 El Tinte MHP plant started its operation with 14 kW of capacity, it is located in co­
operative Atahualpa (see Chapter III for details on this co-operative) and powers a milk 
processing plant, the operator household and a battery charging station. The micro-hydro 
plant replaced a 15 kW mini-grid diesel generator, which is kept as a stand-by service for 
cases of technical failures of the hydro plant. In 2002, it was estimated that this plant 
consumed less than 10 MWh/year of electricity, see Table 17 and 36.
1.2.8. ATAHUALPA I MHP PLANT
Electricity service is available through a 35 kW MHP plant operating since 1992. The plant 
provides electricity to 35 households. In addition, the power generated by the MHP is used 
mainly for productive activities, and for domestic and institutional purposes. The plant also 
provides energy to 2 carpentry, 1 welding and 1 woodcraft workshops; 1 dairy-products 
plant; 1 bakery; 1 grain-mill and 1 battery charging station. It also allows to power 
domestic appliances and lighting for 3 restaurants, 2 guesthouses, 1 grocery shop, 1 
administrative building, 1 health centre, 2 churches and 3 schools. Certainly, this is the 
micro-hydro project within the 7 projects selected that uses its energy mainly for industrial 
activities. Before the installation of this plant, a mini-grid diesel generator of 35kW was 
used, which is kept as stand-by service.
It was estimated that in 2002, the energy consumption was about 144 MWh from which 95
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MWh was used for industrial purposes (see Table 17 and 32)3, 32 MWh for commercial 
use, 12 MWh for domestic use (365 kWh/household/month) and 3 MWh was used for 
institutional purposes. The plant provides energy for industrial purposes from 8 to 17 
hours and for domestic purposes from 18 to 21 hours. A few down times of the MHP plant 
can occur during the dry season (July-October) when the water availability is lower than 
during the rainy season.
1.2.9. ATAHUALPA II SHS
A total of 50 SHS units are also located in Atahualpa co-operative (refer to Chapter III for 
details on this co-operative); they were installed in 50 households. Each system has 50 W 
of capacity and provides electricity to 3 energy efficiency bulbs of 11V each. The panels 
are operating since January 2002 and provide energy for lighting and to power small black 
and white TVs and radios. The solar panels replace the use of kerosene and candles for 
lighting and old car batteries for appliances. An annual demand of less than 3 MWh (60 
kWh/year per solar panel), see Table 17.
1.3. Summary of energy projects
Based on the above, the main characteristics of the plants and communities are as 
follows:
• The communities access basic public services such as a health centre and pre, 
primary and secondary schools, together with potable water and a public telephone.
• Poverty levels are between poor and very poor.
• The communities are located in rural areas and are isolated due to the lack of 
adequate road access and transportation. In such circumstances, fuel supply is 
difficult, expensive and not reliable. For example; it takes 7 hours to reach Ahijadero 
which is located about 250 kilometres from Cajamarca capital city, see Table 1. This is 
during the dry season as in the rainy period the village is only access by horse riding.
• Water availability through the year varies within communities and this affects the 
operation of the plants. For example, during the dry season (from June to September)
3 Assuming 5 working days per week and 52 weeks per year and considering the average number of hours used per 
machine.
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Trinidad and Chalân MHP plants operate only three hours daily. On the other hand, 
Chugur and Conchân MHP plants operate 24 hours per day during the same season.
• The main activities of the communities are agricultural and farming. In each village 
typically one carpentry and one welding workshop, milling facilities, at least one small 
guest house, restaurants, grocery shops and few bakeries are found. Only two 
communities run cheese production plants and have access to one public phone.
• For the energy plants, there are three types of ownership; private, local authorities and 
cooperatives.
1.4. Types of energy projects
It has been identified that the 9 projects presented differ from each other on the level and 
application of the energy available. Hence, a classification has been made to allow 
detailed analysis of the emission reduction calculation. From this, four types of 
communities have been identified and categorised in relation to the energy use as follows:
• Type I Status quo: A community without novel energy technology, using kerosene and 
candles. The community is Ahijadero.
• Type II Domestic hydro: Communities using MHP plants, principally for lighting 
households and small businesses. These are Trinidad, Chalân, Chugur and Conchân.
• Type III Industrial hydro: Communities using MHP plants, principally to run small 
workshops and for minimum household activities. These communities are three; 
Yumahual, El Tinte and Atahualpa I.
• Type IV Domestic solar: Community using SHS for household lighting, this is 
Atahualpa II.
Table 1 compiles the characteristics of the energy projects in these communities. It 
includes the community name, type and capacity of the energy plant, the poverty level of 
the community, the number of households powered by the plant at the beginning of its 
operation and at present (in parenthesis), the distance of the villages to the main city and 
the energy use. Full details of each community, including each energy project, its 
management and the contexts to Peru and Cajamarca region are presented in Chapter III.
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Table 1 Projects in Cajamarca region
Type Community Capacity
(kW)
Year of 
operation
Poverty 
Level (*)
Households 
Past (Present)
Distance to 
Cajamarca 
Km (hours)
I Status quo Ahijadero VP 116 250 (7)
II Domestic hydro
Trinidad 4 1997 P 20 (22) 140 (5)
Chalân 25 1995 VP 85 (94) 190 (7)
Chugur 75 1997 VP 109 (115) 80 (4)
Conchân 80 1995- p 104(160) 200 (12)
III Industrial hydro
Yumahual 11 1997 p 1(1) 70 (4)
El Tinte 14 1996 p 1 (1) 30(1)
Atahualpa I 35 1992 p 35 (35) 30(1)
IV Domestic solar Atahualpa II 55 Wp 2002 p 50 (50) 30(1)
(*) VP: Very poor, P: Poor based on the National Fund of Compensation and Social Development- 
FONCODES- poverty levels (Flores et al. 2000).
2. Background to emission reductions calculation
In order to calculate total emission reduction, Eab, associated with a COM energy project, 
first the annual emissions of both the baselines, EB, and the COM project, EA, are 
determined; then (Parkinson et al. 2001a, p114):
Eab -  Eg — EA ...(1 )
The total emission reductions, EAB, t  over the lifetime, L, of the COM project can be 
calculated by summing over this period as follows (Parkinson etal. 2001a, p114):
Eab,t = Z  Eab_t ■•■(2)
Where t is the year number from 1 to L
In Chapter I, sections 4.2 and 5.2 introduce the concept and issues of the baseline 
assessment for large and small COM activities respectively. This section provides a 
summary of the approaches available to calculate emission reductions, which can be 
applied to small-scale COM projects.
2.1. IPCC Guidelines
Here an overview of the guidelines to account GHG emissions for the energy sector
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provided by the Intergovernmental Panel on Climate Change4, IPCC, is discussed. This 
approach is compatible to the Core Inventory of Air Emissions known as CORINAIR and 
the Co-operative Programme for Monitoring and Evaluation of the Long Range 
Transmission of Air Pollutant known as EMEP. Firstly, the background of these 
approaches is described.
CORINAIR and EMEP inventories started as European Environmental Agency and 
European Commission projects in the middle 1980s; aiming to collect, manage and 
publish information on air emissions5 (CORINAIR/EMEP 2002, p7-10). These two 
programmes account for the same pollutants and sectors; as a result of that, a joint 
CORINAIR/EMEP Emission Inventory Guidebook was published in 1996 and in 2002, the 
3rd edition was available. The IPCC Guidelines for national GHG inventories originated 
from a report called ‘Estimation of GHG emissions and sinks’ (OECD 1989). The air 
pollutants include the 6 GHGs of the Kyoto Protocol (CH4, N20, HFCs, PFCs, SF6 and 
C02) emmited from 6 main sectors; energy (combustion and fugitive), industrial 
processes, solvents, waste, agriculture, land use change and forestry. In 1996, a revised 
IPCC Guideline was published. Following CORINAIR/EMEP (2002, pB112-7) and IPCC 
(1996, p1.1-1.20) guidelines, the following equations can be used:
Table 2 Baseline emission equations
Option Equation Where
A E, = ej * Z ...(3) 
Or
Ej (tonnes/year) ; Emissions of gas i.
ej (tonnes/TJ) : Carbon emission factor of gas i, refer to Table 1.2, 
Module 1 Energy workbook, IPCC (1996, p1.6).
Z (TJ/year) : Activity of the plant, usually fuel consumption
E i =  Oi *  H u  *  M in ...(4) 
Or
H u (TJ/tonne) : Net calorific value of the fuel, refer to Table 1.3, 
Module 1 Energy workbook, IPCC (1996, p1.6)
M in (tonnes/year): Mass of the fuel consumed annually
B Ej = Gj * P out/ F  plant - - (5) Pout (MWh/year) : Annual energy production of the plant 
F pia n t.(% ) : Plant efficiency
4 The IPCC was established to assess information on climate change. It is organised into three working groups; I assess 
scientific data, II focuses on environmental and socio-economic impacts and III formulates strategies in economic and 
social dimensions (IPCC 2000).
5 Under CORINAIR, sulphur dioxide, oxides of nitrogen, non-methane volatile organic compounds, ammonia, carbon 
monoxide, methane, nitrous oxide and carbon dioxide are considered. The 11 source sectors are; nature, agriculture, waste, 
road transport, solvent use, extraction and distribution of fossil fuels, production processes, industrial combustion, 
combustion plants for commercial and residential use, cogeneration and district heating plants and other mobile sources 
and machinery (CORINAIR/EMEP 2002, p8).
EMEP collects data emission for oxides of sulphur, oxides of nitrogen, non-methane volatile organic compounds, ammonia, 
carbon monoxide and methane (CORINAIR/EMEP 2002, p11). Certainly, these pollutants overlap with the ones of 
CORINAIR.
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In this study only C02 emissions are calculated because they are the main gas sources 
from combustion processes of energy projects as they are produced when carbon-based 
fuels, such as diesel and kerosene, are burned (IPCC 1996, p1.2). However, under the 
Kyoto Protocol, a COM project reduces one of six GHGs; in the calculations for emission 
of gases other than C02, the global warming potential of the gas in question can be 
applied. The global warming potential is the ratio of the enhanced GHG effect on any gas 
compared with that of C026. These guidelines allow estimating country inventories of 
specific emissions based on the fuel usage of the countries that depend on production, 
imports, exports and fuel stocks.
The equations depend on the carbon emission factor, eü calorific value, Hi: fuel 
consumption, Z or M jn; electricity production, Pout; and plant efficiency, Fpiant (if there is 
information). Carbon emission and calorific values can be taken from IPCC database; 
Table 3 summarises these values for the fuels analysed in this chapter. Reliable source of 
project data for fuel consumption, electricity production and plant efficiency is required. It 
can be estimated from feasibility reports or surveys from the developers or local agencies, 
such as Local Authorities or Regional Energy Ministries. For country inventories this data 
is available in each country and also from the International Energy Agency and the UN 
Statistical Division.
Calculations with this approach are straightforward; however, special attention should be 
put when using default factors for fuel characteristics such as calorific values. These 
should be taken from the country of study, as production practices and standards can 
differ from developed and developing countries. For example, the net carbon value for 
diesel in Peru is 42.56 GJ/t (MINEM 2003 and Calle et al. 2004) and the value suggested 
by IPCC guidelines is 43.33 GJ/t (IPCC 1996, Table 1-3). Although, the difference is 
minimal, less than 2% in reference to the IPCC guideline value, it is worthwhile checking 
local data. The same applies for carbon emission factors, which represent the amount of 
carbon emissions release by combustion of a certain gas. For carbon emission factors, a 
study carried out in Brazil estimates a carbon emission factor for natural gas of 15.7 tC/TJ
6 The global warming potential for ChU, NgO, HFCs, PFCs and SFe are 21, 310, 140-11700, 6770 and 23900 respectively in
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(Ferreira 2005, p3-5) while the IPCC guidelines suggest a value of 15.3 tC/TJ (IPCC 1996, 
Table 1-2). This represents a difference of -3% in reference to the IPCC guidelines 
default factor. See Table bellow showing characteristics of kerosene, diesel and natural 
gas fuels.
Table 3 Net calorific values and carbon emission factors by fuel
Fuel Net calorific values 
(TJ/103t)
Carbon emission factors (tC/TJ)
Kerosene 44.75 19.6
Gas/diesel oil 43.33 20.2
Natural gas (dry) 51.22 15.3
Source: IPCC (1996, Tables 1-2 and 1-3)
2.2. CERUPT approach for small-scale projects
This approach was suggested by the Ministry of Housing, Spatial Planning and the 
Environment of the Netherlands, as part of the project developer’s manual used by the 
Dutch programme to obtain emission reduction quotas from CDM activities carried out in 
2001. This section presents the CERUPT approach for off-grid energy activities. This 
approach is divided into two categories that depend on the energy system used; stand­
alone household and productive applications. The first proposes a type of baselines called 
correlations for stand-alone systems, and the second, a set of carbon emission factors for 
small diesel generators (CERUPT 2001).
2.2.1. CORRELATIONS FOR HOUSEHOLD APPLICATIONS
The correlations for stand-alone systems are for household applications consuming 
between 50-500 Wh/day. This approach includes SHS, pico hydropower and wind battery 
chargers. The correlations are based on two main studies (Martens et al. 2001 and 
Ybema et al. 2000) of 416 thousand SHS units operating in eight developing countries - 
Nepal, Swaziland, India, Honduras, South Africa, Kenya7, Indonesia and Argentina. The 
following equation is applied to SHS (CERUPT 2001, p21 ):
Emissions (kgC02/year) = 75(kgC02/year) + 4(kg C02/year/Wp) * Power (Wp) 
or
a 100-year time horizon (Grubb et al. 1999). It is tacit that the value for CO2 is 1 as the other GHGs are compared to it.
7 The data for the Kenyan projects originated from Van der Fias et al. (1998).
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B e  = 75 + 4 * pi ...(6)
Where:
Be (KgCCVyear) : Baseline emissions
Pi (Wp) : Power capacity of the solar home system
There are three main constrains of this approach; it assumes an equivalence of service, it 
uses a default kerosene consumption and it ignores burning of candles for lighting. This 
approach only assumes that the baseline case would be replaced by an equivalent service 
-in terms of energy output- when this is not always the case for rural villages. The amount 
of energy that a SHS can provide is much higher than the one provided by kerosene or 
candles; the lighting from burning candles and kerosene is not equivalent to the lighting 
from the SHS electricity. The default kerosene consumption ranges from 52 to 252 
L/year/hh (Ybema et al., 2000), this is not always applicable to rural communities where 
the level could be lower or higher. Hence, underestimation or overestimation of emission 
reductions could happen. It is suggested to apply this approach only for kerosene 
consumption levels within the stated range.
In addition, the CERUPT approach ignores candles as baseline sources of emissions; 
however, in some rural communities candles could be the only available and feasible 
source for lighting. This is because either they are sold in the location or their unit price is 
low in comparison to kerosene or other fuels. Therefore, it is recommended to include an 
emission factor for candles such as 8x10‘5 tC02/candle (assuming an average weight of 
25 g per candle). An application of this approach is found in Volume II of this thesis, see 
paper on C02 emission reductions from micro hydropower plants in rural Peru (Solis et al. 
2003) and Section 4 Methodology.
2.2.2. CARBON EMISSION FACTORS FOR OFF-GRID DIESEL GENERATORS
The second CERUPT approach is a set of CEF for three load factor8 categories; 25%, 
50% and 100%, for small diesel generators that range from 3 to 200 kW of capacities.
8 Load factor is the ratio between the total energy used by consumers and the total energy capacity connected to 
consumers or the total energy consumed during a period divided by the maximum possible power demand in the period 
times the duration of the period (Harvey et al. 2000, p11 ).
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Table 4 Carbon emission factors for small diesel generators (tC02/MWh)
Cases: Mini-grid with 24 
hour service
i) Mini-grid on temporary 
service: 4-6 hour/day
ii) Productive applications 
Hi) Water pumps
Mini-grid with storage
Load factor 25% 50% 100%
3-12 kW 2.4 1.4 1.2
15-30kW 1.9 1.3 1.1
35-100 kW 1.3 1.0 1.0
135-200 kW 0.9 0.8 0.8
>200 kW 0.8 0.8 0.8
The carbon emission factor figures for each capacity range and the respective load factors 
are taken from RETScreen (2000) on line manual. A conversion factor of 3.2 kgC 
0 2 per kg of diesel is applied following IPCC (1996) guidelines.
2.3. Simplified baselines for Type I -Renewable projects
Since 2003 the CDM Executive Board has been working on standardised methods for 
small CDM activities. In October 2004 version 4 of Appendix B of simplified modalities and 
procedures for small-scale CDM projects became available. Appendix B proposes 
standardised approaches to calculate baseline emissions for small renewable, energy 
efficiency and forestry activities. These approaches are applied according to the small- 
scale CDM project types define under the UNFCCC, which were previously discussed in 
Section 3.2, Chapter I. They are divided into four categories and for each there is a 
proposed baseline method (UNFCCC 2004g):
Type I.A. Electricity generation by the user; these are systems that supply individual
households with small amounts of electricity, such as solar panels.
Type I.B. Mechanical energy for the user or enterprise; these are systems that supply
individual households or users with small amounts of mechanical energy.
Type I.C. Thermal energy for the user; these systems supply individual households or
users with thermal energy that displaces fossil fuel or non-renewable sources of biomass. 
Combined heat and power systems can also be eligible under this category.
Type I.D. Electricity generation for a grid system, comprising renewables that supply
electricity to an electricity distribution system replacing at least one fossil fuel generator. 
Combined heat and power projects can also be included here.
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Here the baseline approaches for Type LA. and I.B. are discussed as these are relevant to 
the projects studied as the last two are applicable for biomass and grid project activities 
respectively.
2.3.1. TYPE I.A. ELECTRICITY GENERATION BY THE USER
This activity supplies electricity to households from hydro, solar and wind sources; the 
approach to calculate baseline emissions consists on two steps. The first step is by using 
either of two options, shown in the following table, to estimate the annual energy baseline, 
Eb (kWh/year). The first option depends on the number of consumers, annual energy 
baseline, n;, average annual electricity consumption per consumer, q (kWh/year), and the 
average distribution losses for diesel mini-grids, I. For the losses, the Type I.A approach 
suggests to apply a default value of 20%. The second option is based on the annual 
energy output of the plant, 0; (kWh/year) and I (UNFCCC 2004g).
The second step, is by multiplying the annual energy baseline, EB, times the carbon 
emission factor of the baseline fuel, C. The approach suggests to use a default value of 
0.9 tC02/MWh, which is taken from the IPCC (1996) guidelines. Table 5 summarises the 
approach:
Table 5 Baseline emission equations for Type I.A
Step Equation Where
1 Eb = i( ni* ci)/(1 -  I) 
...(7)
Or
Eb = i Oi / (1 -  I)
...(8)
Eb (kWh/year) : Annual energy baseline
ni : Number of consumers supplied by the renewable energy system during 
the year
q (kWh/year) : Estimate of the average annual consumption per cosumer 
observed in closest grid electricity system
I : Average technical distribution losses observed in dieseal powered mini- 
grids. A reccomended default value of 20% is suggested.
Oj : Estimated annual output of the energy system installed (kWh/year)
Be (tC02/year) : Annual baseline emissions
C (tCOa/kWh): Carbon emission factor of the fuel baseline, use IPCC 
(1996) default values in rural areas. This grid electricity should come from 
renewable sources2 Be = E b * C . . . ( 9 )
The approach is simple to follow, requiring project information that can easily be obtained 
such as number of consumers or households. However, it assumes an equivalent service
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being replaced (such as a mini-grid diesel generator); hence the possible baseline 
scenario of kerosene and candles would need to be accounted. Carbon emission factors 
for kerosene should be included in this approach. It also requires average electricity 
consumption per consumer, C;, from the nearest grid system; this datum should be 
assessed carefully as there may be differences between electricity use for grid and off- 
grid powered electrified villages. For example, data from the Conchan MHP project shows 
an average electricity consumption of 0.33 MWh/year/household (from Table 17) while the 
next neighbour village, named Tacabamba, with access to grid electricity presents an 
average consumption of 1.1 MWh/year/household9. This village is located about 30 km 
from Conchan. The explanation for this is that, even with electricity access, villagers 
cannot afford to buy new appliances and hence to consume more energy because 
households’ incomes remain the same. This is the affordability aspect, which is required to 
consider when installing an energy plant.
The affordability aspect is also referred as suppressed demand due to poverty, lack of 
infrastructure (Winkler et al. 2002, p413-429) and a lack of a sustainable strategy for 
village electrification. This strategy should include development plans, introducing other 
activities such as market driven training that can provide jobs and increase the local 
welfare. This issue is discussed in detail in Chapter IV Sustainability analysis.
2.3.2. TYPE I.B. MECHANICAL ENERGY FOR THE USER
This category comprises renewable energy systems supplying households or users with a 
small amount of mechanical energy. This refers to systems used on-site by the household 
or user; e.g., a water pump powered by a solar system or a carpentry workshop engine 
powered by a micro hydro plant.
Under this category it is assumed off-grid diesel generators as baseline case and two 
options are given to calculate the annual baseline emissions:
9 This figure was taken from an electricity bill obtained during the field trip visit, it was provided by the electricity agency 
(Electronorte 2002).
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Table 6 Baseline emission equations for Type I.B
Option Equation Where
1 Be = C ,( pi* hi)...(10) Be (tCOa/year) : Annual baseline emissions 
Pi : Power of the diesel generator to replace 
C (tCCVkWh) : Carbon emission factor for diesel generators 
taken from Table 4
hj (hours/year): Annual operating hours of the diesel generator 
per year
fi (kg/hour): Fuel consumption per hour
2 Be = C j( fj * hi) ...(11) 
For C = 3.2 kgCOa/kg 
diesel (IPCC 1996)
This approach requires a careful selection of the carbon emission factors for diesel.
2.4. Approach for small energy projects in developing countries
This approach is based on work carried out by Begg et al. (2000) and Luhmann et al. 
(1997) and it is oriented for biogas, improved cooking stoves, micro hydro and solar 
technologies. These projects are very small and can be applied at rural and urban 
household level with on-grid and off-grid electricity or fuels as baselines. These very small 
activities can be difficult to monitor or verify and data availability for the baseline 
development can also be impossible to obtain. It uses standardised baselines, based on 
historic context, assuming that the baseline case is likely to continue for the near future. 
In order to compare the emission reductions from different projects the approach suggests 
the use of ktC02/capita/year unit. This is because some projects do not replace an 
equivalent service. For example, solar panels provide electricity and replace kerosene 
lamps.
Table 7 outlines the approach for on-grid and off-grid systems at rural and urban 
household levels, replacing the use of kerosene lamps and on-grid electricity for lighting, 
appliances and industry. For the off-grid systems the approach requires consumption 
levels of kerosene for the baseline and project cases. It also provides the carbon emission 
factor for this fuel, from which the emissions can be calculated for baseline and project 
cases. Then, the emissions reductions can be quantified.
For the on-grid systems the approach suggests the use of emissions factors for the 
electricity sector in the country.
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Table 7 Standardised baselines for small projects
Project level Service Project type Baseline Unit emissions reduction 
standardised baseline
Rural
Household or
institutional
Urban
Household or 
institutional
Lighting Off-grid
SHS
&
MHP
Kerosene
lamps
Kerosene
lamps
kgC02/capita/y
Based on kerosene use before and after 
(L/cap/y)
Carbon emission factor for kerosene = 2.8 
kgOO^/L
Could also be based on size of project in 
kWh/cap/y
Rural/urban Lighting &
appliances,
industry
On-grid Average 
benchmark for 
electricity 
sector
tCOz/MWh
Based on electricity sector fuels and 
technologies breakdown for the country. 
E.g. tCOz/MWh output for electricity sector 
in country
The approach states that any replaced battery power charged by diesel or from the grid to 
power appliances (such as TVs or radios) contributes an unimportant amount to the 
reduction of C02. This is not always the case for all rural locations, such as Ahijadero 
village where 20% of households use battery chargers (ITDG 2002). It does not consider 
candles used in rural locations for lighting. The outcome of emission reductions is subject 
to data availability and reliability that require time and resources to obtain.
This approach is simple and straightforward and can be applied to assess emission 
reductions from small energy projects at low cost. For that, it is suggested to work with 
development and government agencies that are more likely to provide historic information 
of fuel consumption at household levels.
2.5. Scenario analysis dealing with baseline uncertainty
The counterfactual nature of the baseline case, the actual performance of new 
technology, the accuracy of the financial and technical data of the project and the future 
host country policies are the main types of uncertainties10 that the project developer needs 
to treat to justify emission reductions. A way to reduce the uncertainty in calculating 
reductions is to construct a number of options for the baseline of a potential project, as 
there can be more than one plausible baseline for any project. This approach is known as 
scenario analysis, which applies a GHG emission scenario based on historical and current 
practice. Each option is based on a set of assumptions about the possible circumstances
10 A discussion on baselines and uncertainty is found in Section 4.2 of Chapter I.
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of the main parameters and the emission reduction result is calculated for each option. 
Probase (2003, p34), Begg et al. (2001c, p55) and Parkinson et al. (2001b, p140) 
introduce scenario analysis as one of the project specific baseline approaches that are 
also discussed in Chapter I, Section 4.2.3.
The scenario approach for an energy project can apply equations, standardise 
approaches and carbon emission factor default values, where appropriate, to estimate 
emissions of baselines. The approaches discussed above can be used to calculate 
baseline emissions for different scenarios of small-scale renewables.
In order to develop different scenarios it is necessary to know the following: country 
context, technical data (specifically fuel characteristics, plant efficiency and energy 
demand), financial data, leakage and timing of the introduction of the technology (Probase 
2003, p34 and Parkinson et al. 2001b, p140). The main advantages of this approach is 
that it provides a likely range of projections from the context of the project location, 
allowing to select the most conservative cases and it can be applied to any project type. 
Besides, it has been used and accepted in the registration of CDM-PDD of the UNFCCC. 
However, the baseline scenario approach requires intensive data; hence the validation 
and verification processes need to be carried out carefully (Probase 2003, p38).
3. Assumptions for the calculation
This section establishes the project boundary, crediting lifetime, equivalence of service, 
leakage and other main variables to calculate emission reductions. It is important to note 
that this section follows Part B Baseline methodology of the PDD for small-scale CDM 
proposals.
3.1. Project boundary
The Marrakech Accords (UNFCCC 2001b) defines the project boundary by the possible 
GHG emissions that can be attributed to the CDM project. Appendix B guidance for small- 
scale CDM projects states that the boundary is the physical, geographical site of the 
generating unit (such as a MHP plant) and the equipment that uses the electricity 
produced (UNFCCC 2004g). The project boundary will be the monitoring domain to 
assess a CDM activity.
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Bearing in mind that the micro hydro and solar projects analysed are off-grid systems, 
their boundaries are defined by where the electricity is used in each community type as 
follows:
• For Type I Status quo: Ahijadero community, the households are the 
boundary of the project.
• For Type II Domestic hydro: Trinidad, Chalân, Chugur and Conchan 
communities, the households and the small services (a milling and battery 
charging stations) powered by the project are the project boundary.
• For Type III Industrial hydro: Yumahual, El Tinte and Atahualpa I 
communities, the households and the small production facilities (such as 
workshops) are the project boundary.
• For Type IV Domestic solar: Atahualpa II community, the households using 
each solar panel are the boundary of the project.
Table 8 summarises the boundaries for each small energy project as follows:
Table 8 Main assumptions for small energy projects
Type Community Boundary Leakage Spreading
I Status quo Ahijadero Households Minimum Minimum
II Dosmestic 
hydro
Trinidad
Chalân
Chugur
Conchan
Households 
and 
small services
Minimum Minimum
III Industrial hydro
Yumahual 
El Tinte 
Atahualpa I
Households and 
small production 
facilities
To consider: 
Goods production rate, 
locations sold to and 
type of transport
Minimum
IV Domestic solar Atahualpa II Households Minimum Minimum
3.2. Crediting lifetime
One way to reduce uncertainty in the baseline determination is by reducing the crediting 
lifetime of the possible CDM project. It has been shown (Parkinson et al. 2001c, p72 and 
Begg et al. 2000, p38) that the longer the lifetime the greater the uncertainty associated 
with emission reductions and the less consistent is the baseline. In fact Begg et al. 
(2001 d, p168-169) explains that limiting the lifetime for crediting is another way of limiting 
the impact of uncertainties associated with future baseline projections. During the design
278
Chapter V GHG analysis
stage of a CDM proposal, it also reduces the possibility of overestimating emission 
reductions. For the implementation stage, limiting the lifetime for crediting allows a simple 
administration of baseline revision, and the project would be credited for the limited 
period. Baseline revisions would be carried out to find out changes in the CDM project or 
in the general background (such as new host country energy policies). To deal with this 
uncertainty for emission reductions the Marrakech Accords suggests two types of 
crediting periods (UNFCCC 2001b): a ten-year limited crediting lifetime or seven year 
crediting periods, which can be renewed for up to 21 years. For this study, it is assumed 
the second applies, this is based on three aspects:
a) The baseline situation is unlikely to change over that period because the alternative of 
grid connection is very slow.
b) The operating lifetime for micro-hydro and solar projects is of the same magnitude.
c) The communities studied are very poor, so that another renewables initiative is 
unlikely in the same period unless funded by external agencies.
The following emission reductions quantification is based on annual reductions because 
the MHP plants studied are operating for more than 7 years (as shown in Table 1), then it 
is considered that the annual reductions will not change significantly since the 
implementation of the project. For the SHS, it is assumed that they replace completely the 
use of fuels for lighting.
3.3. Equivalence of service
The equivalence of service concept refers to the fact that a CDM project should provide 
the same service as the baseline case in terms of energy output (Begg et al. 2000, p20 
and Probase 2003, Annex 4, p68). However, such a measure is not applicable to all 
projects; for example, consider a MHP project that is used for lighting and replaces 
kerosene and candles. Filament or fluorescent bulbs are 100 to 500 times more efficient 
than kerosene flame and 1300 to 5000 times more efficient than candles (ITDG 2001). 
Here the concept of equivalence of service is then not meaningful and projects cannot be 
compared on activity basis or energy consumption by using tC02/MWh. To clarify this 
issue, Begg et al. (2000, p20) suggest the use of tC02/capita/year as a comparable unit
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when there is no difference in the number of people per household. This study uses the 
latter unit to analyse projects for Type I Status quo, Type II Domestic hydro and Type IV 
Domestic solar communities, as well as the tC02/MWh unit to analyse Type III Industrial 
hydro communities, as these project baselines are diesel generators.
3.4. Leakage of small energy projects
Under the Marrakech Accords leakage refers to changes in GHG emissions, which occur 
outside the project boundary. Neglecting leakage could lead to a reduced amount of 
emissions11 from the CDM projects (UNFCCC 2001b). For example, a CDM MHP project, 
replacing a mini-grid generator, installed to power small workshops in a community has as 
a project boundary the facilities where the electricity is being used. A possible source of 
leakage for this project would be the GHG emissions from transporting the products for 
sale in other towns; assuming that during the baseline case, when using a mini-grid diesel 
generator, there were not enough production goods to sell in other places. Leakage could 
also occur if the generator is used for another workshop or it is used in another town.
Leakage needs to be accounted because it safeguards the environmental integrity of CDM 
projects; it better defines baselines and enhances credibility of projects (Geres et al. 2002, 
p461).
Furthermore, an activity can also increase emission reductions if the CDM project has a 
positive effect outside its boundary. This type of effect is known as spreading or spillover 
(Begg et al. 2001c, p50-52). For example, consider a micro-hydro CDM project providing 
lighting to a rural village that replaces a small mini-grid diesel generator. The project 
boundary for Type I, II and IV is the village with the households receiving electricity for 
lighting. Before introducing the CDM project a diesel supply was needed. The question of 
where the diesel fuel supply comes from applies to this example. In the case of rural 
villages, the main supply of diesel comes from the main capital cities. Manufacturing and 
transporting the fuel would avoid emissions outside the project boundary causing
11 The literature suggests (Probase 2003-Annex 4, p69) that when leakage is included in the emission reductions 
calculation, the term applicable is net emission reductions and when leakage is not accounted then gross emission 
reductions is used. For this study, only the gross emissions are evaluated and the term emission reductions refers to gross 
emission reductions.
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spreading. Besides that, if the neighbour village duplicates the MHP plant experience, 
then further spreading would occur. This effect is minimal and it is not accounted in this 
study due to lack of data.
Geres et al. (2002, p463) mention other types of leakage related to changes in the life 
cycle. For example, an industry can replace coal burning with biomass. The latter could be 
a more sustainable fuel but it uses a larger amount of energy to be transported. In the 
case of small CDM activities, Appendix B (see footnote 2) suggests that it is only 
necessary to account for the leakage for small renewable projects if the replaced power 
facility is transferred to another activity (UNFCCC 2004g). This criterion does not consider 
the services that the CDM project could introduce and hence the possible sources of 
leakage, such as selling products from a carpentry workshop powered by a micro-hydro 
system (for instance for house furniture) to other towns, this activity could produce 
transport emissions.
For Type II Domestic hydro communities the households and small services (such as 
milling and battery charging stations) using the power of the plant are the project 
boundaries; it is also assumed that leakage and spreading are minimum. The first is 
based on the fact that micro-hydro is a more mature technology than solar systems in 
Peru as it produces MHP equipment. Besides that, a life cycle assessment study suggests 
an emission rate between 0.06 to 0.095 kgC02/kWh; considering an equipment life-time of 
75 years (Tchouate 2003, p5). To put this in perspective, Conchan hydro plant of 80 kW 
produces 53 MWh/year of electricity, according to Tchouate (2003) it could release less 
than 1 tC02/year in 21 years of project period. This figure represents less than 10% of the 
annual emission reductions (15 tC02/year). See Table 12 and 14, Conchan MHP plant.
The spreading effect from transporting fuel, such as kerosene used for lighting, to the 
villages is calculated for these communities. The results of this assessment suggest a 
range between 1 to 30 tCC2/year or less than 0.2 tC02/year/hh are avoided if vehicular 
trips were carried out only to deliver fuel, see Table 9. However, this scenario is very 
unlikely to happen as these communities are isolated and if there were a type of transport 
service (such as a small vehicle carrying passengers, small truck or a large truck) at all, it
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would run not more than once a day. The villagers would make full use of this service by 
transporting food, fuels, people, and any other goods needed. Therefore, it is concluded 
that it is not realistic to include transport emissions in the baseline calculation due to 
uncertainty on transport data. Detailed studies on transport emissions are not available for 
rural areas of developing countries (IPCC 1996). Leakage for this type of projects is not 
meaningful as they do not provide electricity for main industrial services. Refer to 
Appendix II for the details on estimating transport emissions in rural Cajamarca.
Table 9 Emissions for spreading and leakage
Type Communit
y
Fuel
consumption
(L/year)
Distance to 
next village 
(Km)
Annual
trips
(trips/year)
Spreading
(tC02/year)
Leakage
(tC02/year)
I Status quo Ahijadero
II Domestic hydro
Trinidad 2464 30 50 1.6 Minimum
Chalân 23030 60 468 29.8
Chuqur 15755 80 312 26.5
Conchân 8480 55 183 10.7
III Industrial hydro El Tinte 7360 30 147 4.7 Lack of data 
on goods 
delivery
Atahualpa I 7360 30 147 4.7
IV Domestic solar Atahualpa
II
7850 30 147 4.7
Total 68.6 68.6
In Type III Industrial hydro communities replacing mini-grid diesel generators, the hydro 
plant is mainly used for small carpentry, diary products and chicken incubator facilities. 
Here leakage occurs when the products produced are sold in other towns. For example, 
Atahualpa I manufactures furniture that is sold and taken to other towns. El Tinte makes 
pasteurized milk, which is sold to the main city. In both communities leakage, is caused by 
emissions from transporting products. A spreading effect is caused by not using diesel 
fuel and also by consuming the products from the workshops instead of buying them from 
other towns. It has been estimated that the possible spreading is 4.7 tC02/year for El Tinte 
and Atahualpa I as both are in Athaualpa co-operative. This figure is also uncertain as it is 
not known if the transport of fuel was carried out specifically for that aim without including 
other services such as carrying people or goods. Lack of sufficient information on goods 
delivery makes it impossible to calculate leakage.
For Type IV Domestic solar communities, there is no leakage as the project boundaries 
are the households where the electricity of SHS is used and no power facility is transferred
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to another village. It can be argued that the energy consumed to produce and transport 
the SHS may be greater than the energy used in burning kerosene and candles in the 
baseline case. An environmental life cycle assessment of SHS states that it takes less 
than 2 years to recover the energy needed to produce a solar panel when kerosene fuel is 
replaced (Alsema 2000, p44). It also suggests an emission rate of 0.6-0.7 kgC02/kWh, 
which can be used to calculate the amount of emission leakage caused by electricity 
generated by solar panels. It is also noticed that for these communities a spreading effect 
could occur from the reduced emission from transporting kerosene and candle fuels. This 
is due to the replacement of fuels for lighting with the SHS. In order to quantify these 
possible emissions, data would be needed to find out how many times per month the 
households buy the fuels, the place where they are bought, the type of transport, etc. 
About 4.7 tC02/year of emissions have been estimated that come from spreading, 
assuming that the fuel is obtained from Cajamarca city (the nearest distribution centre); 
however, this figure is uncertain due to lack of data, e.g. it could have been that villagers 
walked to obtain their fuels. Hence, emissions from spreading are uncertain and also not 
significant.
From this discussion the following main assumptions have been made to evaluate C02 
emission reductions of the nine energy projects:
e Changes in fuel quality such as density and carbon content for kerosene, candles 
and diesel for the baseline and project cases are not considered. This is based on 
the fact that the study focuses in one regional area, Cajamarca, within one country. 
Hence, it is assumed that variations in the fuels specification are insignificant, 
e As the projects are located >30 km away from national grid electricity, see Table 1,
and the current rates of expansion are low, it is assumed that grid connection is
unlikely in the next 20 years. At present, Cajamarca region has only 33% of its 
population connected to the national grid; most of whom are in the main cities 
(MINEM 2002, p32). Furthermore, > 80% of the rural population in Peru, about 6.5 
million people, do not have access to electricity supply (Sanchez 2002a).
• For most of the communities, the project emissions are considered zero. It is
assumed that there are no GHG emissions when the micro-hydro and solar
technologies are operating, and that they replace the use of the baseline fuels.
283
Chapter V GHG analysis
This is based on historical data collected in surveys from ITDG and during this 
research field trip. There are only three projects (Trinidad, Chalân and Athaualpa I) 
that continue using minimum kerosene and candle fuels during the dry season, for 
which emissions are accounted, see Table 11.
• Ahijadero is a Status quo community for which baseline emissions are being 
accounted to compare them to the communities with an energy system.
• The project boundary is assumed to be defined by the community that the 
electricity serves. See Section 4.1
• The crediting lifetime is taken as three periods of 7 years each, based on the fact 
that the lifetimes for MHP and SHS projects are 25 and 20 years respectively and 
knowing that the systems installed were new. Besides that, this assumption 
considers that no grid electricity would reach these communities in the next 20 
years. See Section 4.2.
• It is considered that the energy projects do not replace an equivalent service as 
the baseline activities provided. See Section 4.3.
• Leakage and spreading are not considered, as the renewable technology 
equipment is not transferred from another activity and due to the lack of reliable 
data to quantify these sources. See Section 4.4. Furthermore, the Appendix B 
guidance (UNFCCC 2004g)12 for small projects does not requires leakage 
calculation.
12 Version 4 of Appendix B of the simplified modalities and procedure for small-scale COM projects provides this definition 
(UNFCCC 2004g). It is available since November 2004.
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4. Calculation of C02 emission reductions
For this analysis three main baseline scenarios are explored; historical, off-grid diesel and 
on-grid electricity. The following baselines have been applied for each Type of community:
• Type I Status quo: historical baselines
• Type II Domestic hydro: historical, off-grid and on-grid baselines
• Type III Industrial hydro: historical, off-grid and on-grid baselines and
• Type IV Domestic solar: historical baselines
The approach applied to quantify C02 emissions comprises three main steps, as follows:
• Step 1- Identifying and selecting the technology and energy sources
• Step 2- Evaluating annual consumption of fuels and energy
• Step 3- Calculating baseline and project emissions.
4.1. Step 1. Identifying and selecting energy sources
Based on the project descriptions there are two main sources of C02 emissions identified 
for the Type I, II, III and IV communities: from lighting and from services.™ The following 
identifies the baseline and project emissions from these two sources in sub-steps 1a and 
1 b respectively.
13 The type of technology applied for burning kerosene and for the battery charging and milling services are mainly the same 
within rural communities. This study considers wick and hurricane lamps for kerosene, slow type battery chargers (108W) 
and hammer mills (5kW).
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Figure 1 C02 emissions calculation of small energy projects
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4.1.1. STEP 1.A. ENERGY SOURCES FOR LIGHTING
Lighting activities include the burning of kerosene and candles for the baseline and in 
occasions for the project case. Kerosene lighting is possible with the use of a kerosene 
lamp while candles are burnt in candle holders. The energy sources for lighting have been 
identified from the feasibility studies and field trip surveys for the baseline and project 
cases. The following are the energy sources for lighting for each type of community:
Type I Status quo- Ahijadero community uses kerosene and candles for lighting.
Type II Domestic hydro- Trinidad, Chalan, Conchan and Chugur used kerosene and 
candles for lighting before the introduction of the MHP plant, baseline case. For the 
project case, only Trinidad and Chalan continue using small amounts of kerosene
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during the dry season, from July to September, when the hydro plants in each 
community have to reduce the electricity production due to low water availability. For 
Conchan and Chugur, the project case energy sources come fully from the hydro 
plants, from these the emissions are assumed zero.
• Type III Industrial hydro- Yumahual activities did not exist before and baselines for 
lighting are not identified because the plant does not serve households. El Tinte 
project is aimed for production facilities; hence lighting energy sources for the baseline 
and project cases are also not accounted14. The 35 households in Atahualpa I 
community used kerosene and candles for lighting and these sources were replaced 
with the hydro plant electricity which is assumed as a zero emissions capability.
Table 10 presents a summary of the baseline energy sources and technology for lighting 
and services in each community.
Table 10 Energy source and technology for baselines
Type Community Baselines
Fuel/energy source Technology Activity
I Status quo Ahijadero Kerosene 
Paraffin candles 
Diesel 
and average grid
Kerosene lamps 
Burning 
Battery chargers and 
mills: using mini-grid 
diesel generators and 
national grid
Lighting 
Lighting 
Services: batteries -to 
power small appliances 
as TVs and radios- and 
milling.
IV Domestic 
solar
Atahualpa II 
Trinidad
II Domestic 
hydro
Chalân
Chuqur
Conchân
III Industrial 
hydro
Yumahual
El Tinte 
Atahualpa I
Diesel 
And average grid
Mini-grid generators 
National grid
Services: powering small 
workshops, milling 
& minimum lighting
4.1.2. STEP 1.B. ENERGY SOURCES FOR SERVICES
In the communities studied three principal services are recognized: milling, battery 
charging and small workshops. The energy sources have been identified from the project 
data and feasibility studies for the baseline case and from visiting the projects for the 
project case. The following provides an overview of the energy sources for each activity:
• Milling was carried out manually, using water-mills, or in the neighbouring village with 
electric mills powered with electricity from the national grid or diesel generators.
14 Yumahual and El Tinte hydro plants only serve one operator household each, which is considered insignificant to include 
in the emission reduction calculation.
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Hence, national grid and diesel generators electricity represent the two sources of 
emissions for the baseline case of milling. Average annual grain production for each 
community is presented in Appendix III, these figures helped to estimate the amount of 
grain needed to be milled annually; hence the type of mill and amount of electricity 
required. For example, Conchan community does not produce enough grain to use 
milling from other places (data from 2002) and only manual milling is required; then 
the remaining grain for trading is too low. For the project case, it has been recognised 
that milling is still carried out manually, using water-mills, or with electric mills powered 
by the hydro plants. For the solar project milling is not recognised as a source of 
emission reductions due to the fact that each SHS does not replace milling services as 
it provides only electricity for lighting, 
e In reference to battery charging activities, before the introduction of the energy plants 
batteries were charged using facilities from neighbour villages powered with national 
grid electricity or diesel generators (the baseline case). For the project case, the 
electricity from the hydro plant replaced the use of old car batteries. For the solar 
project battery charging is not recognised as a source of emission reductions because 
each SHS capacity is too low to replace battery charging as it only provides electricity 
for lighting.
• There is only one baseline energy source identified for the workshop activities, diesel 
generators as workshops run basic activities such as carpentry and sowing that were 
performed manually. The hydro plants replaced the use of diesel generators and some 
of the workshops are still operated manually. Refer to Table 10 for a summary of 
baseline energy sources and technologies for services.
Having identified the main sources of energy for milling, battery charging and workshop 
activities in the Cajamarcan villages, now specific sources are recognised for each 
community type:
• Type I Status quo- Ahijadero community has only access to battery charging services 
from the next neighbour village with a diesel generator. Milling and workshops are 
performed manually, as the community grain production and the average household 
income are low. Emission reductions are not calculated for Ahijadero.
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• Type II Domestic hydro- For Trinidad, Chalan and Chugur communities milling 
services were accessed from the neighbouring villages (located 30, 60 and 80 km 
away respectively, see Table 9) and were powered by national grid or diesel generator 
electricity (the baseline case). With the introduction of the hydro plants in these three 
communities milling facilities have also been installed, being the project case. 
However, it is considered that the emissions from this energy source are zero. 
Conchan did not use electric powered mills, as manual household milling was enough 
to cope with its low grain production (the baseline case). With the hydro plant 
operating (project case) milling is still carried out manually; to date, no milling facility 
has been implemented.
Battery charging in Trinidad, Chalan, Chugur and Conchan communities was available 
by accessing the next neighbour village (located 30, 60, 80 and 55 km away 
respectively, see Table 9) national grid or diesel generator electricity (the baseline 
case). The hydro plants replaced the use of old car batteries in the four communities 
(project case).
There are no energy sources identified from the workshops in each of the Type II 
Domestic hydro communities as there were only manual activities developed such as 
carpentry (baseline case). With the operation of the hydro plants the communities 
have implemented new workshops such as sowing and cheese making that do not 
necessarily require electricity, unless for lighting, as they are performed traditionally by 
hand (project case).
© Type III Industrial hydro- Energy sources from milling and battery charging are not 
found for Yumahual and El Tinte as activities (an incubator and a milk cooler) are 
considered within the workshop category. For the baseline, the energy source 
assumed is a diesel generator of 15 kW. Yumahual service did not exist before, so a 
15 kW diesel generator is assumed, which capacity is enough to run a similar type of 
incubator. This assumption is based on the energy consumption and on the plant 
distance from the national grid electricity (>10 km). For the project case, the hydro 
plant replaced the diesel generators; hence no sources of emissions are considered. 
The energy source for Atatualpa I community came from a diesel generator (35 kW) 
which powered the milling, battery charging and workshops facilities (baseline case). 
The hydro plant replaced the generator; hence no sources of emissions are
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considered for the project case.
• Type IV Domestic solar- Energy sources for Atahualpa II community are not 
considered for services as explained before, the solar systems replace only lighting 
activities. Emissions from services are not accounted; however, it is recognised that 
milling and battery charging services needed energy sources.
Table 11 provides a summary for the baseline and project emissions for each community. 
It can be said that there are four main sources of energy for the baseline in these 
communities; kerosene, candles, diesel and mix grid electricity.
Table 11 Details of baselines and project cases
Type Community Lighting Services
Kerosene Candles Milling Battery
Charging
Workshops
I Status quo Ahiiadero Yes Yes No Yes No
II Domestic 
hydro
Trinidad Yes / Yes Yes / No Yes /No Yes /No No/No
Chalân Yes / Yes Yes/ No Yes /No Yes /No No/No
Chuqur Yes / No Yes/ No Yes /No Yes /No No/No
Conchân Yes / No Yes/ No No/No Yes /No No/No
III Industrial 
hydro
Yumahual Yes / No Yes /No No (production facility only) Yes /No
El Tinte Yes / No Yes /No No (production facility only) Yes /No
Atahualpa I Yes /No Yes /No Yes/No Yes/No Yes /No
IV Domestic 
solar
Atahualpa II Yes /No Yes /No Yes /  Yes Yes /  Yes No/No
Note that this table answers the question: Are there emission sources for the baseline and project 
case?
4.2. Step 2. Evaluating annual electricity and fuel consumption
Table 12 presents the fuel consumption for kerosene and candles in L/year/hh and 
candles/year/hh respectively. The energy consumption from the national grid or diesel 
generators for battery charging, milling and workshops in MWh/year for the baseline case 
in each community is also shown. The figures for the project case are in parenthesis when 
fuel is employed; otherwise it is assumed to be zero.
The baseline data was available throughout the feasibility studies of each project carried 
out before its implementation and in some cases when operating, such as Chalân. The 
projects’ reports were developed by ITDG. The kerosene and candles levels figures are 
based on household annual fuel expenses, which were converted into the amount of fuel, 
knowing the unit prices of each at the time of the study. Regarding the services, the
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energy uses for battery charging and workshops are based on annual average usage, in 
hours, and the capacity of the equipment. The battery charger assumed is a slow type of 
108W, which can charge three batteries in 20 hours; this type is commonly use in 
Cajamarca area. For milling services, the amount of electricity consumed per year is 
based on the annual local grain production, assuming used of a typical Hammer mill of 
5kW at a rate of 50 kg/hour.
Table 12 Fuel consumption for lighting and services
Type
Com m unities
Lighting
Hhs, ni Kerosene,
Vin
(l/year/hh)
Candles, Qjn 
(units/year/hh)
Milling, ci 
(MWh/year)
Battery 
charging, c; 
(MWh/year)
Workshops, C; 
(MWh/year)
I Status 
quo
Ahijadero 116 35 28 0 o.o3 n o n
II
Domestic
hydro
Trinidad 22 112 (18) 180 3.9 0.4 o n
Chalân 94 245 (9) 360 1.6 0.1 o n
Chuqur 115 137 292 0.2 0.7 o n
Conchân 160 53 24 0 0.8 o n
III
Industrial
hydro
Yumahual 0 108 48 0 52.0 (65. 1)
El Tinte 0 157 138 0 7.2 (9.9)
Atahualpa I 35 157 1 1 6 (1 2 ) Workshop
5
0.4 33.3 (144.2)
IV
Domestic
solar
Atahualpa
II
50 125 144 2.4 n 0.5 O o n
Note that the figures show baseline consumption levels for each project, the values in brackets are for the project case when 
this is not zero.
(*) Not quantified for emission reduction calculations, only for average levels. 
(**) Manual activities for the project case; hence, no emissions are involved.
As explained above, there is data available for the services of Ahijadero and Atahualpa II 
communities. However, due to the fact that Ahijadero is a status quo community and only 
energy sources from charging batteries are quantified as minimum, this is not counted for 
emissions. Regarding Atahualpa II project (Type IV Domestic solar), energy sources for 
services are quantified to estimate average levels in Cajamarca, but not to quantify 
emission reductions as this project only is used for lighting. At the same time, Atahualpa II 
villagers mill and charge batteries at Atahualpa I village, which has a MHP plant, and 
hence the emissions are zero.
For the project case, survey data from the field trip is applied to estimate the actual 
kerosene and candle consumption. Only Trinidad with 18 L/year/hh and Chalân with 9 
L/year/hh continue burning kerosene during the dry season. Occasionally, Atahualpa I
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households also use candles; on average 12 candles/year. This shows that more than 
84% of fuel is replaced by the introduction of the energy plants.
From these results, typical consumption rates can be proposed for rural areas of 
Cajamarca, and similar Andean regions. Averages for Type I, II and IV communities are 
125 L/year/hh, 148 candles/year/hh, 1.4 MWh/year/community and 0.4 
MWh/year/community for kerosene, candles, milling and battery charging respectively. 
Type III communities are excluded because they are projects used mainly for small 
industrial purposes.
4.3 Step 3. Calculating C02 emission reductions
Having the total fuels, energy consumption levels and the number of households 
benefiting from the plants, see Table 12, the application of the approaches selected allows 
calculating emission reductions for the baseline and project cases of each community.
In order to calculate the emission reductions, first the calculation of the baseline emissions 
is carried out, and then the emissions of the project case are subtracted. For this study the 
emission reductions are calculated in two parts: for lighting and for services. Hence, the 
total emission reductions during the credit lifetime of the project will be the product of the 
annual emission reductions, Ei, and the number of crediting years. In the case of these 
projects the last calculation should be carried out for three crediting periods of 7 years 
each. The following section of results refers to the emission reductions per year, assuming 
they remain constant. This is based on historical data for the nine projects studied.
This section evaluates C02 emission reductions using the following approaches; the IPCC 
guidelines (IPCC 1996), CERUPT method for off-grid projects (CERUPT 2001), Type I 
standardised approach for Renewable projects (UNFCCC 2004g), approach for small 
energy projects (Begg et al. 2000), and Scenario approach (Probase 2003).
The projects have been grouped according to their types and the approaches have been 
applied out per group as Table 13 shows.
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Table 13 Summary of approaches applied per project type
Type Community Capacity
(kW)
Approaches
Liqhtinq Services
1 Status quo Ahijadero IPCC
II Domestic hydro
Trinidad 4 Marrakech with 
IPCC
Scenario 
National grid 
Regional grid 
Off grid: Type I.A.a
Chalân 25
Chuqur 75
Conchân 80
Beqq et al. (200) and UNFCCC, Type LA.
III Industrial hydro
Yumahual 11 Scenario 
Type IB
National Grid IPCC?
El Tinte 14
Atahualpa 1 35 IPCC
IV Domestic solar Atahualpa II 55 Wp CERUPT 
IPCC 
Type lAa
For Type I, II and IV communities historical baselines are examined in two separate 
calculations; for lighting and services activities. This is done because these communities 
are focused primary on domestic use of electricity. Lighting describes the activity that 
provides sources of light for households, institutions and shops within the community; 
such activity produces C02 emissions, as burning candles or kerosene. Services are the 
activities carried out within or outside the community that can produce C02 emissions, 
such as charging car batteries at battery charger stations using grid electricity or mini-grid 
diesel generators at a neighbouring town.
The historical baselines for Type III Industrial hydro are examined as total emissions. 
Equally, off-grid and on-grid baselines are calculated as total emissions for Type II and III 
communities.
5. Discussion of the results
This section discusses the results of fuel consumption and emission reductions of the 
projects studied and across other countries. The section is divided into seven parts; first a 
discussion on fuel and energy consumption levels is presented. This followed by the 
emission reduction results for Type I Status quo, Type II Domestic hydro, Type III 
Industrial hydro and Type IV Domestic solar. Finally, this section discusses a comparison
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across projects and countries.
5.1. Fuel and energy consumption levels
Here, the discussion on fuel and energy levels has been divided into two parts; fuel 
consumption for lighting and energy consumption for services.
5.1.1. FUEL CONSUMPTION FOR LIGHTING
The following Figure 2 presents the baseline kerosene and candle consumption levels for 
Type I Status quo, Type II Domestic hydro and Type IV Domestic solar communities. Type 
III Industrial hydro communities are not included because their aim is to power small 
services and no significant emission levels occur from lighting.
Figure 2 Baseline consumption for lighting
mxm Kerosene 
—♦—Candles
Ahijadero Trinidad Chalan Chugur Conchan Atahualpa
From the above figure it can be noticed that kerosene levels range between 35 and 245 
L/hh/year with a variation of ± 75% for the baseline. Kerosene is one of the most common 
fuels in this region, it presents 99% consumption per household. The values show a very 
high variability on fuel consumption, which is based on a complexity of issues. Some of 
these are fuel availability and supply, village location, poverty levels as at times poor
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communities will consume less fuels than others, type of equipment and way to use it may 
be different in each household. For example; Ahijadero is categorised as very poor 
community and presents the lowest kerosene consumption, 35 L/hh/year. It is also located 
relatively farthest away from the nearest big town where kerosene prices and distribution 
would be more convenient. However, this situation does not occur always as Chugur data 
shows that it is the second in consumption levels, 137 L/hh/year, but it is also a very poor 
community and located faraway (80 km) from the neighbour village, see next Table 14.
Table 14 Kerosene and candles consumption
Project Ahijadero Trinidad Chalan Chugur Conchan Atahualpa II
Kerosene consumption, L/hh/year 35 112 245 137 53 125
Candle consumption, candles/hh/year 28 180 360 292 24 144
Poverty level (*) VP P VP VP P P
Baseline case: Energy expenditure, % 
of total income
25 16 30 25 9 -
Project case: Energy expenditure, % 
of total income
9 4 4 3 -
Distance from neighbour village, km 50 30 60 80 55 30
(*) VP: Very poor, P: Poor
Table 14 shows the great importance of the kerosene consumption variable as a source of 
uncertainty. Therefore, standard values for kerosene consumption levels for a country 
need to be applied very carefully. For example the Global Environmental Facility estimates 
C02 emission reductions using a value for kerosene use in Peru of 90 L/year/hh (Ybema 
etal. 2000). This figure can underestimate emission reductions; for this study, the average 
kerosene consumption within the six communities is 120 L//year/hh, taken from Table 14. 
This difference can be due to the fact that in different regions (Andean, jungle and coast) 
of Peru the fuel consumption varies subject to capacity of acquisition or to life styles. 
Therefore, it is suggested that it is better to use an average region value in countries with 
definable variations, such as Peru, and to focus gathering reliable data for this key 
variable in order to reduce uncertainties because there are variations between countries. 
This information could be passed on from governmental and development agencies 
working on energy programmes.
For the project case, Type II Domestic hydro and Type IV Domestic solar communities are 
discussed (Ahijadero, the Status quo community is not considered because it does not 
have an energy project). Only two out of the five communities continue using more than
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4 % of kerosene during the dry season when the operation of the energy plants is reduced 
due to lack of water. The communities are Trinidad and Chalan with consumption 
averages of 18 and 9 L/year/hh respectively. From these two types of communities it can 
be said that more than 84% of kerosene is replaced by introducing the energy plants. 
Therefore, it is suggested to apply 90% as a default value for replacement to calculate 
emissions from the project case.
From Figure 2 it can be seen that the candle consumption is between 24 to 360 
units/year/hh, with a variation of 168 ± 8 8%. Ahijadero and Conchan present the lowest 
consumption for candles; Chalan, again, presents the highest candle consumption. From 
these results, it cannot be proposed to use an average consumption level as the 
uncertainty is too high and only 20% of the household use candles. The emission 
reduction results for Type I Status quo, Type II Domestic hydro and Type IV Domestic 
solar communities in the previous section show that emissions from candles are low (<3% 
of the total emission reductions). However as the consumption level is low this does not 
imply that candles are not used in greater levels in other regions or countries. Thus, it is 
suggested to include emissions from candles when calculating reductions and when data 
is available.
Candles and kerosene fuels have been replaced by hydro and solar schemes that at 
present are providing an average of 0.3 MWh/hh/year (from Table 17 and 12) with more 
efficient lighting that is less costly than baseline fuels for the poor villagers. It also reduces 
C02 emissions and indoor pollution, hence it improves health conditions.
5.1.2. ENERGY CONSUMPTION FOR SERVICES
Figure 3 presents the baseline electricity consumption for Type I Status quo, Type II 
Domestic hydro and Type IV Domestic solar communities. The energy levels for Type III 
Industrial hydro are discussed below. This figure shows the average power used from 
three main services in each community; milling, battery charging and workshops.
The figure shows that these baseline levels are lower than 4 MWh/year for Trinidad. 
Milling is shown as the most important source of energy consumption in three
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communities; Trinidad, Chalan and Atahualpa II; it represents more than 80% of the total 
community electricity consumption. By contrast, Conchan does not show significant 
electricity consumption for milling due to its low production rates of grain (see Appendix I). 
Figure 3 also shows that the energy consumed to charge batteries was less than 1 
MWh/year/community. Electricity consumption from workshops for Type II Domestic hydro 
and IV Domestic solar is zero as before the introduction of the energy plants, these 
activities were carried out manually.
Figure 3 Baseline electricity consumption
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Figure 4 below demonstrates that consumption for Type II Domestic hydro communities 
(Trinidad, Chalan, Chugur and Conchan) has increased in a range of 1/5 to 6 times 
compared to baseline power levels. For example; Trinidad consumed, before the 
introduction of the hydro plant, 4.2 MWh/year (Figure 3) and in 2002 the electricity 
consumption for services increased to 5 MWh/year (Figure 4). Equally, Chugur increased 
from 0.9 to 5.5 MWh/year. The figure also shows that the plant capacity of each project 
does not reflect the use of electricity. For example, Chugur consumes 5.5. MWh/year with 
a 75 kW plant while Trinidad consumes nearly the same (5 MWh/year) with a 5 kW plant 
and Conchan, the largest plant with 80 kW, shows the lowest level of 2.5 MWh/year.
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Figure 4 also shows the electricity levels for Type III Industrial hydro communities; they 
use the plant to run an incubator, a milk cooling service and a variety of workshops in 
Yumahual, El Tinte and Atahualpa I respectively. The baseline energy level for the 
services are 52, 7.2 and 33 MWh/year. The project levels demonstrate significant 
increases to 65, 9.9 and 233 MWh/year respectively.
Figure 4 Project energy consumption
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5.1.3. SOCIAL IMPLICATIONS AT HOUSEHOLD LEVEL
The poverty level and energy consumption relationship is shown in the use of services; 
however, there is no evidence of a simple trend that follows this variable with the kerosene 
and candle consumption in each community, see Table 14. Even within a given parameter 
level large variations in use of kerosene and candles are found. The reason for this is that 
it is easy to obtain kerosene and candles as they can be purchased at minimum quantities 
in the local grocery shops. This fact does not allow villagers to realise that they could be 
spending more money in the long term. Hence, they consume the fuels when they can 
afford and need them.
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In Table 14 can also be seen that the introduction of the electricity systems has provided 
significant reductions in energy expenditure per household, on average greater than 80%. 
However, it is also noticed for domestic systems that the average electricity consumption 
is lower than 0.8 Wh/hh/year, from Table 17 and 12. This fact is related to affordability 
issues within these communities, where the average household income is less than US$ 
600/year. Rural communities in Peru are just too poor to consume more; the cause is due 
to poverty, lack of infrastructure, hence jobs and geographical isolation.
5.2. Type I Status quo-Ahijadero community
Here it has been calculated the annual emissions released from lighting activities in 
Ahijadero using historical data; for which, kerosene and candle emissions are estimated 
using the IPCC guidelines (1996), see Section 2.1. Emissions from services are not 
calculated because this community does not present significant activities that use fuels or 
electricity. Emissions for kerosene, E| (tC02/year), have been calculated Equation (4) as 
follows:
Ej = ej * Hu * Min ...(4)
Where:
The carbon emission factor, ej (tC02/TJ), and the net calorific value, Hu (TJ/t kerosene), 
for kerosene are taken from IPCC (1996); these figures have been presented above in 
Table 3. IVL (t/year) is the annual kerosene consumption. Equation (4) converts by 
introducing the kerosene density of 0.9 kg/L (Perry et al. 2000) and a correcting factor of 
85% (IPCC 1996) for the carbon oxidised when burning kerosene using lamps; then the 
following is obtaining:
E i = 2.53 x 10-3* V i n *  Hi ...(12)
Where Vm (L/hh ) is the annual volume of fuel consumption per household and m (hhs) is 
the number of households in each community. These figures are taken from Table 12, 
Fuel consumption for lighting and services. Multiplying these variables gives the total 
emissions from kerosene, Ei, which are expressed in tC02/year. This result is presented in
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Table 15.
To calculate the emissions from burning candles, Ei (tC02/year), a variation of Equation 
(12) is applied:
E j =  8  x 1 0 - 5  *  Q in  *  rij . . . ( 1 3 )
Where Qm (candles/year/hh) is the annual average quantity of candles use per households 
and ni (hhs) is the total number of households in each community; both figures can also be 
taken from Table 12. Due to the lack of data for a carbon emission factor, ei, for candles 
the following have been applied to calculate this figure:
It is assumed that candles are made from paraffin wax and each candle weights 25g; 
this is based on data from the communities' household and shops interviewed in July 
2002.
A stichiometric balance calculation was carried out for candles to determine the carbon 
emission factor. The chemical formula for paraffin wax is C25H52, this oxidises as 
follows; C25H52 + 25.5O2 25CO2 + 20H2O. This shows that 1 mole of paraffin wax with a
molecular mass of 352 g produces 25 moles of C02, with total molecular mass 110 g. 
If one candle of 25 g is burnt; then 77 gC02 or 8 x 10-5 tC02 will be produced.
5.2.1. DISCUSSION OF THE RESULTS
The total baseline emissions for Ahijadero are 11 tC02/year, see Table 15, with more than 
90% from kerosene sources. These results show very low emission reductions if a 
renewable project with zero project emissions would be introduced here. The reason for 
this is, discussed in the previous section on fuel consumption, that the community is very 
poor and it consumes low amounts of kerosene and candles.
Table 15 Results of C02 emission reductions of small energy plants
Community Lighting
(tCOa/year)
Total
(tC02/year)
Total
(kgCOa/cap/year)
Kerosene Candles
I Ahijadero
(116 hh, 6 people/hh)
10.3 0.3 11 16
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5.3. Type II Domestic hydro communities
The baseline scenario approach has been applied to minimise the uncertainty of the 
emission reduction results for the four Type II Domestic hydro communities; Trinidad, 
Chalan, Chugur and Conchan. Three scenarios have been created as situations that could 
have occurred without the implementation of the micro-hydro plants; historical sources, 
off-grid diesel generators and on-grid electricity. For each baseline scenario different 
approaches have been used to calculate emissions.
5.3.1. BASELINE I- HISTORICAL SOURCES OF FUELS
In this scenario, historical baseline emissions are considered where the situation before 
the introduction of the micro-hydro plant would have continued into the future. The 
baseline situation for lighting would have been the use of kerosene and candles and for 
services the use of the national grid electricity from the neighbour village. The assumption 
is based on the fact that the probabilities of electrification of these villages are low due to 
difficult accessibility, distance of grid power > 30 km, and present rural electrification 
programmes15. These four communities operate for more than 10 years (see Table 1) and 
until now (August 2005) no progress is shown for grid electrification.
Emissions for lighting
For the baseline, kerosene and candle emissions, Ej, have been calculated using 
Equations (12) and (13) respectively (these have been explained in the previous section). 
The annual household fuel consumption, Vm and Qm, and the number of households, m, 
data are taken from Table 12. Here project emissions for Trinidad and Chalân have been 
estimated as these are the only communities that still consume kerosene during the dry 
season when the hydro plant production is restricted. Hence, the emission reductions from 
lighting activities for these two communities are the difference between the baseline and 
project emissions. For Chugur and Conchan, these reductions are equal to the baseline 
emissions as survey data determines that kerosene and candles and no longer being 
used in these communities.
15 A detailed discussion of the rural electrification programmes for Peru is found in Chapter II.
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Emissions for services
The source of electricity to carry out milling and battery charging is uncertain to establish, 
due to the fact that the activities have been performed in the next neighbour village either 
with access to grid electricity or off-grid diesel generators. In this scenario emissions from 
on-grid electricity are estimated from historical data on energy consumption; applying the 
approach suggested by Begg et al. (2000) and Luhman et al. (1997) for on-grid small 
energy projects in developing countries. This approach is discussed in Section 2.4 and 
summarised in Table 7. The off-grid calculation for services, which is also possible is 
discussed bellow as part of Scenario II. The following Equation has been applied to 
calculate emission reductions for services using on-grid power:
E i =  6 i *  Ci . . . ( 1 4 )
Where the service baseline emission, Ei (tC02/year) is the product between the carbon 
emission factor of the average Peruvian electricity, ei (tC02/MWh) and the annual 
electricity consumed for milling and battery charging in each community, q (MWh/year).
Two ei values for the Peruvian electricity have been applied; this based on the complexity 
of the electricity distribution system as the electricity generation and distribution sources 
can vary depending on capacity and consumption rates. The first, Baseline la, uses the 
average power in Peru with 0.83 tC02/MWh, this is taken from the Energy Balances of 
Non-OECD countries for 2000 (IEA 2001). This value includes 10% of transport and 
distribution losses and it considers an average mixed power, which excludes hydro. 
However, Cajamarca region receives mixed electricity; hydro and thermal sources in 88% 
and 12% respectively (MINEM 2000) as the area is close to one of the main hydro plants 
(with a capacity of 182 MW) and distribution centre, Gallito Ciego in Pacasmayo, La 
Libertad region (Mejia 2002). Hence a second factor of 0.1 tC02/MWh is proposed here as 
Baseline lb. These two very different factors allow finding out the variations on the 
emission reduction results. Table 16 presents the results for Baseline I.
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Table 16 Baseline I emission reductions
Project Lighting (tCOz/year) Services (tCOz/year) Emission reductions, Ei (tCOa/year)
Average mixed Hydro mixed
Baseline la,
Battery Battery average mixed Baseline lb, hydro
Carbon
Kerosene Candles Milling charging Milling charging (tCOz/year) mixed (tC02/year)
factor 0.00253 0.00008 0.83 0.83 0.1 0.1 0.83 0.1
Trinidad 5 0 3 0 0 0 9 6
Chalan 56 3 1 0 0 0 60 59
Chugur 40 3 0 1 0 0 43 43
Conchan 21 0 0 1 0 0 22 22
Discussion of results
The emission reductions for Trinidad, Chalan, Chugur and Conchan using 0.83 
tC02/IVIWh, carbon factor for Baseline la (mixed average grid) and 0.1 tC02/MWh, carbon 
factor for Baseline lb (hydro mixed grid), are 9 (6), 60 (59), 43 (43) and 22 (22) tC02/year 
respectively. The results for Baseline lb are in parenthesis. A significant difference, 30%, 
on results can be found for Trinidad because this community showed the highest 
electricity consumption for services (>4MWh/year, Table 12), within the four projects. The 
results from the rest of the projects with Baseline la and lb do not differ because of their 
low baseline electricity use for services (<2MWh/year, Table 12).
From Table 16 can also be seen that emissions from lighting are greater than 50% in 
comparison to emissions from services when using 0.83 tCC2/MWh factor and greater 
than 80%, when using 0.1 tC02/MWh factor. Kerosene represents more than 90% of the 
emissions from lighting and candles less than 7%; the last is due to the low consumption 
and low carbon emission factor of the fuel.
Regarding services milling emissions are the highest sources, with substantial reductions 
for some of the projects such as Trinidad with more than 3 tC02/year, representing more 
than 30% of the total emission reductions (see Table 13). Battery charging seems to 
reduce small quantities of C02, less than 1 tC02/year.
In Baseline I the results show that it is important to apply the most appropriate carbon 
emission factor for each emission source; including on-grid electricity. Total emission
303
Chapter V GHG analysis
reductions can be overestimated if service activities use a type of grid electricity. 
Therefore, a carbon emission factor of 0.1 tC02/MWh is proposed for as the average 
hydro mixed grid power in Cajamarca region for Domestic hydro projects.
5.3.2. BASELINE II OFF-GRID DIESEL GENERATORS
In this scenario off-grid diesel generators are assumed to be the source of power for the 
four communities in the 21 years. This is based on the Peruvian electrification plan, which 
aims to have 90% of Peru supplied by 2012; assuming that this set target will be reached. 
This plan includes mini-grids as an economical alternative, see Footnote 15. The 
standardised approach for Type LA Renewable projects for electricity generation by the 
user is applied as discussed in Section 2.3. The selection is based on the fact that the use 
of energy in these communities is for domestic purposes. Equation (8) is substituted in 
equation (9) to create the following equation (15)
B e  =  [ i( O i  )  /  (1  -  I)  ] *  C  . . . ( 1 5 )
The annual electricity output of the micro-hydro plant, Oi (MWh/year), is taken from survey 
data shown in Table 17. Oi is assumed to be equal to the energy consumed. For Trinidad, 
Chalan and Chugur average consumption rate has been established from the number of 
electricity bulbs, appliances and services activities carried out in each household. In these 
three communities household users do not have electric meters installed. For Conchan, 
the record of the electricity books showing the meter readings for each household and for 
the small businesses have been used. These consumption rates have been described in 
Section 1.2 and are summarised in the next table.
Table 17 Projects' energy consumption for lighting and services
Community Lighting
(MWh/year)
Services
(MWh/year)
Total, Oi 
(MWh/year)
Load 
factor (%)
Trinidad MHP (5kW, 22 hh) 7.1 5.0 12.1 84
Chalân MHP (25kW, 94 hh) 29.8 3.2 33.0 64
Chugur MHP (75kW, 115 hh) 34.5 5.5 40.0 26
Conchân MHP (80kW, 160 hh) 50.7 2.5 53.2 32
Yumahual MHP (11kW, 1 hh) 0.4 64.7 65.1 68
El Tinte MHP (14kW, 1 hh) 0.4 9.6 10.0 39
Atahualpa 1 MHP (35kW, 35 hh) 12.8 131.5 144.3 80
Atahualpa II SHS (2.8kW, 50 hh) 2.9 No displacement 2.9
TOTAL (248kW, 478hh) 138.6
0.30 Wh/hh/year
222
0.46 Wh/hh/year
360.6
0.75 Wh/hh/year
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An average value of 20% for distribution losses in diesel powered grids, I, is suggested by 
Type I.A simplified baseline approach. Here two carbon factors, C (tC02/MWh), for diesel 
are explored; 0.9 tC02/MWh for Baseline lia and 1.3 tC02/MWh for Baseline lib.
Baseline lia Off-grid generator, 0.9 tC02/MWh
This carbon factor, 0.9 tC02/MWh, is suggested in the Type I .A approach as a default 
value16, which corresponds to a mini-grid between 135-200 kW of capacity, operating 24 
hours/day with a 25% load factor, refer to Table 4. These generators could produce more 
than 1000 MWh/year. However, such a case would be rare for small rural communities, 
such as Type II Domestic hydro with electricity consumption rates of less than 53 
MWh/year for the project case as Table 17 shows for Conchan. If rural communities would 
use off-grid generators, they would be aimed for basic activities providing temporary 
services of less than 6 hours/day in order to minimise diesel costs.
Baseline lib Off-grid generator, 1.3 tC02/IVIWh
This carbon emission factor of 1.3 tC02/IVIWh belongs to a system smaller than 35 kW 
and larger than 15 kW using a mini-grid with temporary service of 4-6 hours/day and 50% 
of load factor, see Table 4. The mini-grid provides between 13-300 MWh/year of 
electricity, this range lies within the project electricity consumption of Type III Domestic 
hydro communities that is between 12-53 MWh/year as Table 18 shows. The following 
table presents the results of emission reductions, Be (tC02/year) for Baseline lia and lib.
Table 18 Results of baseline scenario II
Total electricity 
consumption, O; 
(MWh/year)
Baseline II, Be (tC02/year)
i Project ;
Baseline lia Baseline lib 
25%LF 50%LF
CEF 0.9 1.3
Trinidad 12.1 14 20
Chalan 33 37 54
Chugur 40 45 65
; Conchan j 53.2 o> o 00 o>
16 Type I A . Baseline, paragraph 6 states th a t... a default value 0.9 kgC02e/kWh, which is derived from diesel generation 
units, may be used... (UNFCCC 2004g).
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Discussion of the results
Table 18 shows that the reduction results vary from 14-60 tC02/year for Baseline lia, 
which uses the default value of 0.9 tC02/MWh, applicable for off-grid generators between 
135-200kW. Reductions from 20-86 tC02/year are also shown for Baseline lib, which 
applied 1.3 tC02/MWh as a carbon emission factor for an off-grid generator of <35kW. 
The last scenario is more likely to occur in this type of small village, considering that the 
project electricity consumption is less than 53MW/year (see Table 17). Using a default 
carbon factor of 0.9 tC02/MWh could underestimate emission reduction results in 40%. 
Therefore, it is suggested to use 1.3. tC02/MWh as carbon factor for small community 
projects.
5.3.3 BASELINE SCENARIO III ON-GRID ELECTRICITY
In this scenario a baseline using national grid as source of electricity for lighting and 
services is assumed based on the assumption that the grid would be connected before 
2012 according to the Peruvian Electrification Plan.
Here the simplified approach for on-grid projects in developing countries suggested by 
Begg et al. (2002) and Luhman et al. (1997) is applied using Equation (14), repeated 
below, which is also applied above in Baseline I, emissions for services:
Ei = ei * Ci ...(14)
Where the annual power consumption, c, (MWh/year), is taken from Table 17 and two 
carbon emission factor, e\ (tC02/MWh) for the Peruvian grid are proposed: 0.83 
tC02/MWh for Baseline Ilia and 0.1 tC02/MWh for Baseline Illb.
Baseline Ilia On-grid electricity, 0.83 tCOa/Mwh
This carbon factor is from the average Peruvian national grid suggested by the IEA 
(2001), this was used above in Baseline I, emissions for services.
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Baseline Illb On-grid electricity, 0.1 tC02/MWh
The carbon factor of 0.1 tC02/MWh is based on the Cajamarcan regional electricity, this 
factor was also applied in Baseline I, emissions for services.
Both factors are corrected for transportation and distribution losses of 10%. It is important 
to note that q is based on actual (2002) project figures. Table 19 presents the results of 
emission reductions for Baseline III On-grid electricity.
Table 19 Baseline III emission reductions
Total electricity 
consumption, O; 
(MWh/year)
Emission reductions, E; (tC02/year)
Project
Baseline Ilia -with Baseline Illb -with 
avrge mixed grid hydro mixed grid
CEF 0.83 0.1
Trinidad 12.1 10 1
Chalan 33 27 3
Chugur 40 33 4
Conchan 53.2 44 5
Discussion of results
Table 19 shows the emission reduction results for Baseline III using on-grid electricity; 
Baseline Ilia, with a mixed grid carbon emission factor of 0.83 tC02/MWh, presents results 
from 10-44 tC02/year. Baseline Illb, with a hydro mixed grid carbon factor of 0.1 
tC02/MWh, shows a range of 1-5 tC02/year of reductions. The first results are up to 10 
times higher than Baseline Illb. Here Baseline Illb hydro mixed grid with a carbon 
emission factor of 0.1 tC02/MWh is selected because the source of electricity in this area 
of Peru comes from 88% hydro resources. The results using a carbon emission factor of 
0.83 tC02/MWh could overestimate the totals emissions reduced.
The results of these two baselines show the importance of selecting an appropriate 
carbon emission factor for national grid electricity, which represents the area where the 
CDM project would be implemented. Otherwise, this issue could provoke project 
developers to apply the ‘cherry picking’ tactics by avoiding to select areas, such as 
Cajamarca, with low grid carbon emission factors, making these poor regions unattractive 
for small CDM investment. At the same time, using the non-appropriate carbon factor can
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lead to damage of the environmental integrity of the protocol and appropriate choice 
needs to remain a priority since reliable calculations of emission reductions are needed.
5.3.4 OVERALL DISCUSSION FOR TYPE II DOMESTIC HYDRO
Figure 5 presents three emission reduction results per project; Baseline lb Historical 
emissions with off-grid for services, Baseline lib Off-grid electricity with a carbon emission 
factor of 1.3 tC02/MWh and Baseline Illb On-grid hydro electricity with a carbon factor of 
0.1 tCOa/MWh.
It shows that there is a great difference in the results within Baseline lib and Baseline Illb. 
For example; Conchan, 80kW, results are 5 and 86 tC02/year for Baseline lib and 
Baseline Illb respectively. This is due to the fact that Baseline lib is based on carbon 
emission factor for a mini-grid generator is 1.9 tC02/MWh higher than 0.1 tC02/MWh used 
for on-grid electricity. Both baseline scenarios are based on the project’s electricity 
consumption while Baseline lb is based on a mixed of kerosene, candles and on-grid 
electricity consumption. Table 20 shows the average emissions for these four projects and 
their ranges of uncertainty.
Figure 5 Emission reductions Type II Domestic hydro projects
100-, a  Baseline lb
go 0  Baseline lib
□  Baseline Illb
n 60 -
70 - 
O
S 40 -
30 -
20 -
10 -
0
Trinidad-SkW Chalan-25kW Chugur-75kW Conchan-
80kW
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Table 20 Average emission reductions
Project
HHs Peopl
e/hh
Energy 
consumption 
, MWh/year
Load
facto
r, %
Average 
reductions 
, tCOg/year
Reductions 
in 21 years,
tco2
Reductions,
kCOz/capita/yea
r
Reduction
s,
kCO2/hh/ye
ar
Trinidad 22 6 12.1 84 11 ±90% 231 83 500
Chalan 94 6 33.0 64 31 ± 90% 651 55 330
Chugur 115 6 40.0 26 35 ± 90% 735 51 304
Conchan 160 4 53.2 32 46 ± 90% 966 72 288
TOTAL 138.3
2904.3 in 21 
years
2583
The results also show that there is no simple relationship between the capacity of the 
projects and the emission reduced. The reason for this is that not all the projects use the 
plants at their full potential. For example, Chugur the second largest plant has the lowest 
load factor, 26% as Table 20 shows. By contrast, Trinidad, the smallest plant with 5kW of 
capacity, presents the highest load factor, 84%. The projects owned privately make more 
use of the electricity than the ones owned by public authorities, such as is the case for 
Trinidad.
In order to compare within projects the following have been applied tC02/cap/year, 
introduced by Begg et al. (2000) and tC02/hh/year. The last is based on the fact that the 
number of people per household in this area of Peru does not represent a large variation 
as it ranges from 4 to 6. Furthermore, the village houses’ physical distribution consists on 
three main rooms; a kitchen, a living area and a shared bedroom where all the family 
sleeps; families tend to share the room that has light in the evenings to avoid paying extra 
for electricity. It also seems logical to account for emissions per household as the use of 
electricity and fuels is also accounted in that way.
The uncertainty of the results for these four projects is great, 90%. This variation is due 
principally to (the project electricity consumption) the source of electricity for the baseline 
lies on off-grid or on-grid systems; both as explained before have very different carbon 
emission factors; 1.3 and 0.1 tC02/MWh respectively.
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Hence, averages emission reductions are suggested to use. Table 20 shows these 
estimates as 11, 31, 35 and 46 tC02/year for Trinidad, Chalan, Chugur and Conchan 
respectively. These results actually show a trend with plant capacities as the smallest 
plant is Trinidad, 5 kW, and the largest is Conchan, 80 kW. However, if the emission 
reduction units are dependent on the number of people per household, kC02/capita/year 
(following Begg et al. 2000) then Trinidad, Chalan, Chugur and Conchan reduce 83, 55, 
51 and 72 kC02/capita/year respectively. Here Trinidad, the smallest plant, reduces the 
highest emissions per capita, as this project has the lowest number of user, followed by 
Conchan, 80kW; Chalan, 25 kW and Chugur, 75kW. If kCC2/hh/year units are introduced 
then, Trinidad again presents the highest emission reductions, followed by Chalan, 
Chugur and Conchan. Indeed, here the smallest the plant is where the highest emission 
reductions are found because of its low quantity of users but high use of electricity and the 
highest load factor,84%.
It can be concluded that for Type II Domestic hydro communities the uncertainty of 
emission reductions also depends on the load factor of the plant. As well as the source of 
baseline electricity with high carbon emission factor for off-grid diesel generators or for on- 
grid hydro mixed power. Reliable data of the main source of emissions from baseline fuel 
and power consumption such as kerosene and milling for Cajamarca are required.
Besides it is also proposed the use of a factor 0.89 tC02/MWh/year as a quick estimation 
as the difference is lower than 7%. The application of these factors to the projects result in 
the following:
Table 21 Average carbon emission for Type III Domestic hydro
Projects MWh/year CEF 0.89 
(tC02/year)
CEF average % difference
Trinidad 12.1 11 11 0
Chalan 33 29 31 -7
Chugur 40 36 35 +3
Conchan 53.2 47 46 +2
Discussion on Type I.A method for Renewable projects
In respect to the standardised method for baseline emissions Type I .A it is proposed to
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use at least two likely scenarios for small projects because of the following:
a) Kerosene baselines
Kerosene fuels are also not considered in Type IA  and as this study has shown rural 
communities tend to use kerosene as a source for lighting. Equation (12) repeated below 
is proposed to include in Type I.A:
E i = 2.53x10-3* V i n *  rh
Where is the average kerosene consumption in L/hh and ni is the number of 
households.
b) The UNFCCC method does not considered the use of grid electricity as possible 
baseline source, which as this study demonstrates it is possible in rural villages. Hence 
the following equation is proposed to include in Type I.A.:
E= electricity grid consumption * Carbon emission factor for electricity region
5.4. Type III industrial hydro communities
For Type III communities; Yumahual, El Tinte and Atahualpa I, three baselines scenarios 
have been explored to calculate emission reductions. Baseline I uses historical data, 
Baseline II assumes off-grid diesel generators and Baseline III explores on-grid electricity.
5.4.1. BASELINE I HISTORICAL SOURCE OF FUELS
For this scenario it is proposed historical source of fuels for the three Type III Industrial 
hydro communities. Yumahual and El Tinte plants are used only for small services; hence 
no emissions from lighting are accounted. For Yumahual a 15 kW diesel generator is 
assumed to run the chicken broiler as baseline because this project did not exist before. El 
Tinte used a 15 kW diesel generator to power the milk chilli. Atahualpa I is the only plant 
that also provides electricity for lighting 35 households; then emissions for lighting and 
services are calculated.
The baseline emissions for lighting of kerosene and candles are calculated under the
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IPCC approach, discussed in Section 2.1, and applying Equations (12) and (13) from 
which fuel consumption and number of households are taken from Table 12.
The baseline emissions for services are calculated using Equation (15) of the 
standardised method from Type I.A Renewable projects, Electricity generation by the 
user. For the annual electricity output, Oi (MWh/year), data of the power consumed from 
mini-grid diesel generators, before the micro-hydro plant introduction, is taken from Table 
12. This electricity consumption is based on machinery inventories carried out for each 
project listed in detail in Appendix I (note that for Yumahual this consumption is assumed 
as the project did not exist before). The average distribution losses, I, is assumed to be 
20% and two carbon emission factors, C, are assessed in two baselines; Baseline la with 
0.9 tC02/MWh and Baseline lb with 1.3 tC02/MWh, both taken from Table 4. The following 
table shows that results of emission reductions and these are discussed bellow.
Table 22 Baseline I emission reductions
Project Lighting Services Baseline 1, Be (tCOz/year)
Off-grid Off-grid
Kerosene Candles diesel, 25% diesel, 50%
(tC02/year) (tC02/year) load factor load factor Baseline la Baseline lb
Carbon
factor, C 0.00253 0.00008 0.9 1.3
Yumahual 0.3 0.0 59 85 59 85
El Tinte 0.4 0.0 8 12 9 12
Atahualpa I 13.9 0.3 38 54 52 68
Table 22 suggests that the emission reduction results of Type III Industrial hydro 
communities vary from 9-59 tC02/year for Baseline la, with a carbon factor of 0.9 
tC02/MWh for services using off-grid systems of 135-200 kW. Baseline lb shows 
reductions between 12-85 tC02/year, the carbon factor used is 1.3 tC02/MWh, which 
corresponds to a 15-30 kW off-grid diesel generator. The results between the two 
baselines present a variation of ±18%. For both baselines Yumahual (11kW) shows the 
highest reductions, then Atahualpa I (35kW) and finally El Tinte (14kW). This is due to the 
fact that the calculation is based on baseline energy consumption for services that follow 
the same pattern, see Table 12. Here the results do not show a relationship between 
micro-hydro plants’ capacities and emission reductions.
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The results for lighting present Atahualpa I as the community with significant emissions 
from kerosene, about 25%, this is because it is the only village that provides electricity for 
household use (project case); hence kerosene and candles consumption in 35 households 
are accounted as baseline case for lighting.
Baseline lb using 1.3 tC02/MWh as carbon factor is selected as the most appropriate case 
for Type III Industrial hydro communities. The off-grid system capacity range of 15-30 kW, 
the operating time of 4-6 hours/day and a 50% of load factor for this carbon factor is in the 
range of the three projects studied. If Baseline la would be selected underestimation up to 
30% of the results could occur.
5.4.2. BASELINE II OFF-GRID DIESEL GENERATORS
In this scenario it is assumed that off-grid generators run with diesel are used as baselines 
for workshop activities in Type III Industrial hydro communities. This case is based on the 
fact that these villages are isolated and difficult to access; hence, mini-grid generators are 
the most economical alternative for industrial activities.
Type LB. Renewable projects, Mechanical energy for the user standardised method is 
applied because these communities use the micro-hydro plants for small industrial 
applications. A variation of Equation (10) is used as follows:
B e  = C * i(  P i * h i ) ...(10a)
Where:
A = pi * hi, then:
Be = C* i (A ,) / (1-1) ...(17)
Being A  (MWh/year) the annual electricity consumption of the hydro plant (project case) of 
each service; here a correction for distribution and transportation losses, I, of 20% is also 
assumed as in Equation (15). Note that Equation (10a) does not considered I. A  is taken 
from Table 17 and two carbon emission factors are used; 1.9 and 1.3 tC02/MWh (taken 
from Table 4). The first corresponds to a mini-grid of 15-30 kW with a 25% of load factor
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operating 24 hour/day. The second proceeds from a more efficient mini-grid system of the 
same capacity with a 50% of load factor operating 4-6 hour/day. The capacity ranges are 
enough to cope with the electricity requirements of these three communities; they are 
between 10-145 MWh/year.
Table 23 Baseline II emission reductions
Baseline II, Be (tC02/year) 
i Baseline Hb7
Electricity Consumption, Ai Baseline Ha, 50%load
Project (MWh/year) 25%load factor factor
Carbon factor, C 1.9 1.3
Yumahual 65.1 155 106
El Tinte 10 24 16
Atahualpa 1 144.3 343 234
The emission reduction results using two off-grid scenarios in Baseline II show that the 
Baseline lia, with carbon factor of 1.9 tC02/MWh and 25% of load factor, results range 
between 24-342 tC02/year. The results for Baseline lib, with carbon factor of 1.3 
tC02/MWh and 50% of load factor, range from 16-234 tC02/year. For both baselines 
Atahualpa I (35kW) presents the highest reductions, up to 343, while El Tinte (14kW), the 
lowest up to 16tC02/year. Overall, the results between the two baselines vary in ±20%. 
Baseline II findings do not demonstrate a relationship between micro-hydro plant 
capacities and emission reductions.
For these calculations emission reductions depend on the project case energy 
consumption, that are the highest for Atahualpa I, 144 MWh/year, followed by Yumahual, 
65 MWh/year, and El Tinte, 10 MWh/year.
For Baseline II off-grid diesel generators, Baseline lib, with carbon factor of 1.3 tC02/MWh 
and 50% of load factor, is selected as the most an appropriate for the projects studied. 
This is based on the plant capacities (15-30kW) and the operating hours per day as being 
not more than 6 hours/day for Atahualpa I, Yumahual and El Tinte. If Baseline lia would 
be selected an overestimation up to 50% of emission reductions could occur.
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5.4.3. BASELINE III ON-GRID ELECTRICITY
In this scenario a baseline using national grid as source of electricity for lighting and 
services is assumed based on the fact that the grid could be connected before 2012 
according to the Peruvian Electrification Plan (MINEM 2004).
Here the simplified approach for on-grid projects in developing countries, suggested by 
Begg et al. (2000) and Luhman et al. (1997), is applied with Equation (14), repeated 
below:
E i =  6i *  Ci
Where the annual power consumption, a (MWh/year), is taken from Table 17 and two 
carbon emission factors, e-, (tC02/MWh) for the Peruvian grid are used; 0.83 tC02/MWh 
and 0.1 tCOVMWh. Both are corrected for transportation and distribution losses (10%). It 
is important to note that c, is based on project figures. Table 24 presents the results of 
emission reductions for Baseline III On-grid electricity and below these results are 
discussed.
Table 24 Baseline III emission reductions
Baseline III, Ei (tCOz/year)
Electricity Consumption, Ci Baseline Ilia, average Baseline Illb, hydro 
Project (MWh/year) mixed (tCOa/year) mixed (tCOa/year)
Carbon factor, ei 0.83 0.1
Yumahual 65.1 54 7
El Tinte 10 8 1
Atahualpa I 144.3 120 14
Table 24 presents the emission reduction results for Baseline III using on-grid electricity; 
Baseline Ilia, with a mixed grid carbon emission factor of 0.83 tC02/MWh, presents results 
from 8-120 tC02/year. Baseline Illb, with a hydro mixed grid carbon factor of 0.1 
tC02/MWh, shows a range of 1-14 tC02/year of reductions.
The first results are up to 8 times higher than Baseline Illb. Here Baseline Illb hydro mixed 
grid with a carbon emission factor of 0.1 tC02/MWh is selected because the source of 
electricity in Cajamarca region comes from 88% hydro resources. The results using a
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carbon emission factor of 0.83 tC02/l\/IWh could overestimate the totals emissions 
reduced.
5.4.4 OVERALL DISCUSSION FOR TYPE III DOMESTIC HYDRO
Figure 6 presents three emission reduction results per project; Baseline lb Historical 
emissions with off-grid for services, Baseline lib Off-grid electricity with a carbon emission 
factor of 1.3 tC02/MWh and Baseline Nib On-grid hydro electricity with a carbon factor of 
0.1 tC02/MWh.
Figure 6 Results for Type III Industrial hydro
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It shows that there is a great difference on the results within Baseline lib and Baseline lllb. 
For example; Yumahual, 11kW, results are 106 and 7 tC02/year for Baseline lib and 
Baseline lllb respectively; this represent an uncertainty of ±86%17, see Table 25. This is 
due to the fact that Baseline lib is based on a carbon emission factor for a mini-grid 
generator of 1.3 tC02/MWh, which is higher than 0.1 tC02/MWh used for on-grid 
electricity. Both baselines are based on the project’s electricity consumption while
17 Uncertainties in emission reduction calculations for on-grid electricity supply projects have been reported as 
± 60% by Parkinson et al. (2001 c, p64).
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Baseline lb is based on a mixed of kerosene, candles and off-grid electricity. The following 
table shows the average emissions for these projects, their ranges of uncertainty, total 
reductions and results using a carbon emission factor of 0.87 tC02/MWh:
Table 25 Average emission reductions
Project
Energy
consumption,
MWh/year
Load factor,
%
Average
reductions,
tC02/year
Reductions 
in 21 years,
tc o 2
CEF 0.87 
(tC 02/year)
%
difference
Yumahual 65.1 68 57 ± 86% 1197 50 12
El Tinte 10.0 39 9 ± 86% 189 8 11
Atahualpa I 144.3 80 124 ± 86% 2604 126 -2
TOTAL 219.3
4607.4
3990
As the results using three scenarios are different, it is suggested to use the average 
reductions for each project. In Table 25 Atahualpa I (35kW) presents the highest average 
reductions with 124 tC02/year, followed by Yumahual (11kW) with 57 tC02/year and El 
Tinte (14kW) with 9 tC02/year. These results show that there is no relationship between 
the capacity of the projects and the emission reduced. The reason is their different ranges 
of load factors, from 40 to 80 %, or electricity consumption. For example, El Tinte the 
second largest plant has the lowest load factor, 39% as Table 25 shows. The 
tC02/capita/year or tC02/hh/year units are not applied here as these projects use the 
electricity mainly for industrial purposes.
For this set of projects it is proposed to applied a carbon factor or 0.87 tC02/MWh/year for 
a quick calculation of reductions for micro-hydro projects in Cajamarca or for Peruvian 
projects that aim to use the electricity for small production activities and that replace off- 
grid diesel generators. However, a check up on the carbon factor for the grid electricity 
would need to be carried out. The results using this factor show that the difference is lower 
than 12%, see Table 25.
5.5. Type IV domestic solar communities
Historical baselines have been created to calculate emission reductions for Atahualpa II, 
the only Type IV Domestic solar community with 50 solar home systems serving 50 
households. Off-grid and on-grid baselines are not considered because the households of 
this community are located further apart, hence the chances for a mini-grid or grid
317
Chapter V GHG analysis
electricity are very low as it would be very expensive.
5.5.1. BASELINE I HISTORICAL SOURCES OF FUELS
In this scenario historical baseline emissions are examined where the situation before the 
introduction of the solar home panels would have continued into the future. The baseline 
case for lighting would have been the use of kerosene and candles and they are 
calculated using the IPCC (1996) and CERUPT approaches. The baseline case for 
services would have been manual activities, then emissions from services are not 
calculated as they are minimum.
IPCC approach
Baseline emissions from kerosene fuel are calculated with Equation (12), discussed 
previously and emissions from candles, with Equation (13). The data needed on fuel 
consumption are taken from Table 12. Table 26 presents below the results for Atahualpa 
II baselines. The results for Baseline I suggest total emission reductions of 16 tC02/year 
from which more than 95% of emissions come from kerosene sources.
CERUPT approach
CERUPT approach for solar systems is applied because it is based on kerosene baselines 
using average levels of that fuel from rural data in different countries; these levels range 
from 52-252 L/hh/year, see Section 2.2.1. Atahualpa II kerosene usage is 125 L/hh/year, 
Table 12. Here it is used Equation (6), this requires a maximum energy consumption of 
500Wh/day/hh of each solar panel, Table 17 shows that Atahualpa II SHS users consume 
an average of 160 Wh/day/hh. The households’ baseline emissions, BE (tC02/year/hh), are 
calculated from equation 6, repeated below:
Be = (75 + 4 * Pi)
Where p; (Wp) is the power capacity of each solar system (hence the baseline emissions), 
Be is 275 kC02/year/hh, as there are 50 households using 50 systems then the total 
baseline emissions, BE is 14 tC02/year. This value shows that CERUPT approach is 
underestimating the real emission reductions for this project by less than 10%, as it does
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not consider emissions from candles. However, it provides a straightforward way to 
calculate emissions with minimum data needed.
Table 26 Results of emission reductions (tC02/year)
Project Lighting (tCOz/year) Baseline I, BE (tC02/year)
Reductions,
Average BE kC 02/capita/ye Reductions, 
Kerosene Candles IPCC (1996) C -ERUPT (2001) (tC02/year) ar kC 02/hh/year
C E F  0.00253 0.00008
Atahualpa II 15.8 0.6 16.4 14.0 15+/-8% 50 300
The average emission reductions considered for Atahualpa II is 15 tC02/year which it is 
equivalent to 50 kC02/capita/year and 300 kC02/hh/year, these two values with different 
units would allow comparison with the other projects studied, see next Section 5.6. Here it 
is important to comment that the standardised approach of Appendix B, Type I .A 
Renewable projects for Electricity generation by the user does not consider other baseline 
emissions rather than diesel generators. This is not always the case for rural electricity 
projects as Type IV Domestic solar community has proven.
5.6. Comparison across projects types
The following table show that average emission reduction results for Type II Domestic 
hydro, Type III Industrial hydro and Type IV Domestic solar projects18. Type I Status quo is 
not considered here, as this project does not have a system in use.
Table 27 Summary of results across project types
Type Project Baselines Electricity
consumption
(MWh/year)
Load
factor
(%)
Average
reductions
(tC02/year)
Ratio
(tC02/k
W)
Ratio
(tC02/MWh)
Average
reductions
(kC02/hh/year)
II
Domestic
hydro
Trinidad-ôkW Kerosene & 
candles 
Off-grid diesel 
On-grid hydro 
mixed
12.1 84 11 2.2 0.9 500
Chalan-25kW 33.0 64 31 1.2 0.93 330
Chugur-75kW 40.0 26 35 0.5 0.88 304
Conchan-B0kW 53.2 32 46 0.6 0.86 288
III
Industrial
hydro
Yumahual-11kW Off-grid diesel 
On-grid hydro 
mixed
65.1 68 57 5.1 0.87 -
El Tinte-14kW 10.0 39 9 0.4 0.9 -
Atahualpa l-35kW 144.3 80 124 3.5 0.86 -
IV
Domestic
solar
Atahualpa ll-2.5kW Kerosene & 
candles
2.9 60 15 6 5.2 300
Total 247.5RW 360.6 328 0.9 345
18 The average emission reductions are taken from Tables 18, 21 and 22 for Type II, III and IV projects respectively.
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From the above table can be seen that the emission reduction results of the 8 projects 
range from 10-125 tC02/year or a total of 6888 tC02 in 21 years and an average emission 
reduction and electricity consumption ratio of 0.9 tC02/MWh for micro-hydro plants. 
Yumahual and Atahualpa I, both Type III Industrial hydro communities, present the highest 
C02 reductions among the 8 projects. This is because two reasons: a) they mainly replace 
off-grid or on-grid electricity, both with higher carbon emission factors than kerosene and 
candles, and b) their high electricity use, hence high load factor (>68%). Trinidad (Type II 
Domestic hydro) and El Tinte (Type III Industrial hydro) projects show the lowest 
reductions. The first due to the low carbon emission factor for kerosene and candle 
baselines and the second because of its low load factor (39%).
The relationship of emission reductions and plant capacities suggest that Type II Domestic 
hydro communities have a ratio between 0.5 to 2.2 tC02/kW and Type III Industrial hydro 
projects has a ratio higher than 3.5 tC02/kW, except for El Tinte MHP plant with 0.4 
tC02/kW. In the case of Type IV Domestic solar, Atahualpa II, this ratio is as high as 6 
tC02/kW. This is because this community power capacity is the lowest, 2.5 kW. The ratio 
can be useful to carry out quick estimations of emission reductions for project ideas or 
feasibility studies for micro-hydro plants, knowing only the power capacity and use of 
electricity. For solar home systems more studies are needed.
It is also proposed to apply 0.9 tC02/MWh as a carbon emission factor for rural Cajamarca 
and for micro-hydro projects in rural areas with the same characteristics such as energy 
use and baselines.
Table 27 also presents the results of emission reductions using kC02/hh/year units for 
domestic projects; they suggest reductions ranging from 288-500 kC02/hh/year with an 
average of 345 kC02/hh/year. This value can help to calculate emissions or projects in 
rural areas of Peru when the number of households is known.
5.7. Comparison across countries
In this study the reduction results of domestic and industrial projects are compared with 
African and Asian projects’ findings from three key reports; Begg et al. (2000, p47-64),
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Begg et al. (2003 p19-49) and Probase (2003, p37-40). The emissions for domestic solar 
projects are shown below:
Table 28 Summary of emission reductions for Domestic projects
Country Project Baselines Reductions
(tCOi/year)
Ratio (tC02/kW) Reductions
(kCOi/hh/year)
Kenya Tungu MHP 
18kW, 300hh (**)
Diesel and 
firewood
23 1.3 77
Kathamba MHP 
3.4kW, 226hh (**)
Kerosene 47 13.8 208
Sri Lanka Katepola MHP 
27kW, 105hh (*)
Kerosene 45 1.7 429
Umangedera MHP 
1.7kW, 17hh (*)
Kerosene 6.5 3.8 382
Peru Trinidad MHP  
5kW, 22hh
Kerosene 
Off-grid diesel 
On-grid hydro 
mixed
11 2.2 500
Chalan MHP  
25kW, 94hh
31 1.2 330
Chugur MHP  
75kW, 115hh
35 0.5 304
Conchan MHP  
80kW, 160hh
46 0.6 288
Ghana Kpasa SHS 
21kWp, 410hh D
Kerosene 132.5 6.3 323
Zimbabwe National SHS 
0.4 MWp, 9.8khh (*)
Kerosene 2250 5.6 230
Kenya National SHS 
0.28 MWp, 20khh (*)
Kerosene 1300 4.6 65
Indonesia RESS SHS 
SOkWp, 1khh (***)
Kerosene & 
candles
360 7.2 360
Peru Atahualpa II SHS 
2.5kWp, 50 hh
Kerosene & 
candles
15 6.0 300
(*) These projects are taken from Begg et al. (2000)
(**) These projects are taken from Begg et al. (2003, p49)
(***) This project is taken from Probase (2003) and Betz (2000, pp91-132)
Domestic hydro communities
A total of 8 MHP projects are presented from which Kenya and Sri Lanka show 2 project 
each and Peru the remaining, see Table 28. The similarities of these projects are the 
technology size as micro-hydro; the rural geography and the kerosene baselines, with the 
exception of Tungu MHP and considering that the results of the Peruvian projects reflect 
an average of emissions from three baselines that include kerosene. From here it can be 
noticed that the Kenyan and Sri Lankan plant capacities are from 1.7 to 27kW and supply 
electricity from 17 to 300hhs. Certainly the amount of electricity provided by these projects 
is higher than in Peru. For example, the smallest plant in Kenya, Kathamba powers 66 
hhs/kW while Trinidad, the smallest Peruvian plant only 4.4 hhs/kW. In a lower extent the 
largest Sri Lankan system, Katepola powers 3.8 hhs/kW and the biggest plant in Peru only
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2hhs/kW. As there is not detailed information on energy consumption and load factors of 
these projects further analysis cannot be undertaken. However, this comparison shows 
that micro-hydro systems can be use at its full potential for domestic purposes. 
Furthermore, the estimation of plant capacities during the design stage of a project should 
consider carefully the real chances of increments in energy consumption in the future.
Table 28 also shows that the ratios of emission reductions and plant capacities, (tC02/kW, 
are not very different for the projects, without considering Kathamba MHP from Kenya. 
This presents a ratio of 13.8 tC02/kW, due to its highest number of households; hence, 
large emissions were expected.
A comparison of emission reductions using kC02/hh/year units establish that it is not 
feasible to apply an average rate for rural projects from different countries as the results 
here are very different. The results for Kenya range from 80-210 kC02/hh/year; for Sri 
Lanka, 380-430 kC02/hh/year and for Peru, 290-500 kC02/hh/year. Similarities exist 
between Sri Lanka and Peru, but not with Kenya as its reductions are lower then in the 
other two countries. Further research work is needed for more developing countries in 
order to suggest average rates.
Domestic solar communities
A total of 5 solar projects are presented from Ghana, Zimbabwe, Kenya, Indonesia and 
Peru in Table 28. The similarities of these projects are the technology size with 
50Wp/SHS; the rural geography and the kerosene and candle baselines. It can be seen 
that the ratio of emission reductions and plant capacities are very similar as they vary from 
4.6-T.2 tC 02/kW. This ratio is proportional to the fuel baseline levels of the projects; for 
example, Kenya and Indonesia should have the lowest and highest kerosene consumption 
respectively within the 5 projects. These ratio figures can provide a simple way to estimate 
emissions for feasibility studies.
A comparison using kC02/hh/year units shows that these values are proportional to the 
reductions and plant capacity ratio, discussed above; this is due mainly to the fact that 
there is one SHS of 50Wp per household. The projects range between 230-360
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kC02/hh/year for Ghana, Zimbabwe, Indonesia and Peru; with the exception of Kenya 
that only reduces 65 kC02/hh/year. These rates can be useful for bundling a group of 
small projects, but attention on country fuel levels is needed for solar projects.
Industrial hydro communities
A total of 5 industrial hydro projects is presented from which one is from Tanzania, one 
from Kenya and the remaining are Peruvian, see Table 29. The similarities of these 
projects are the technology; the rural geography, the electricity use and the baselines (off- 
grid diesel and on-grid power). The capacities of the Tanzanian and Kenyan plants are 
larger, 843 kW and 1.4MW respectively, than the Peruvian plants. This difference is 
reflected in the emission results. However, Yumahual and Atahualpa I plants present 
higher reductions per plant capacity, tC02/kW, than the other countries systems. Besides, 
the ratio on emissions and electricity consumption, tC02/MWh, suggest that Peru reduces 
the greater amount of emissions followed by Tanzania and at last Kenya. These results 
demonstrate that it would not be possible to establish emission reductions using average 
factors of a group of projects from different countries.
Table 29 Summary of emission reductions for Industrial hydro projects
Country Project Baselines Reductions
(tCOo/year)
Ratio (tCOz/kW) Ratio (tC02/IVIWh)
Peru Yumahual MHP  
11kW
Off-grid diesel 
On-grid hydro 
mixed
57 5.1 0.87
El Tinte MHP  
14kW
9 0.4 0.9
Atahualpa 1 MHP 
35kW
124 3.5 0.86
Tanzania Uwemba MHP 
843kW
Diesel 2050 2.4 0.77
Kenya AHP Tea MHP 
1.4 MW
Diesel
On-grid
2600 1.9 0.15
6. Implications
Here the possible implications of the findings from this study are discussed. Three main 
aspects are considered; bundling, monitoring and baseline methods.
6.1. Bundling small energy projects
Michaelowa et al. (2002, p25) recommend that a minimum of 20000 tC02/year of
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reductions are needed to make the COM project attractive enough to deal with the 
transaction costs involved. Under these circumstances, an alternative to encourage small 
projects and to reduce transaction costs, has been proposed by the Executive Board as 
the bundling of projects. This consists of grouping many small projects as one COM 
activity. Although baseline methods are proposed, to date there is still the need to 
establish bundling procedures for small activities. Considering Michaelowa et al. (2002) 
figure and that the results from this study suggesting that eight projects could reduce C02 
emissions by only 326 tC02/year; thus more than 500 similar projects would need to be 
bundled in order to cope with the transaction costs. This is clearly impractical for one 
project developer but if other developers of similar projects in different countries 
incorporate a group of projects then transaction costs may be reduced and the 
implementation of small projects would be feasible.
Under such circumstances, it is suggested that similar types of energy projects aimed for 
rural areas, in respect to the baseline replacement case should be bundled. As the 
number of small projects would be high, the baseline could be determined by creating 
scenarios subject to the activities replaced by the energy projects. The following are the 
alternatives for rural communities using small energy projects that have been identified in 
this study, see also Table 30:
• One type of project can be applied to a set of micro-hydro, solar and wind systems 
that replace lighting activities; hence, emissions from kerosene should be 
calculated (emissions from candles are less than 5%, hence it is not significant to 
account for it). The key variables here are the consumption levels for kerosene fuel 
and the number of households.
• A second type can be for energy projects replacing both lighting and services 
(such as milling, battery charging and workshops) and would need emissions from 
kerosene, off-grid diesel generators or mix grid. The main parameters are the fuel 
levels, number of households and the amount of electricity consumed for services.
• A third type can be replacing only services, such as small workshops of carpentry
324
Chapter V GHG analysis
and milk processing, with off-grid diesel generators or on-grid baselines. The key 
parameters are the electricity consumed for such workshops.
Bundle energy projects could be implemented in different countries, where data would be 
needed to provide baseline consumption rates such as average kerosene levels per 
household, diesel generation per rural communities, etc. In the case of Peru, the following 
rates for energy projects are proposed:
Table 30 Peruvian baseline rates for rural communities
Type Community Baselines Activities Average baseline rates
IV Domestic 
solar
Atahualpa II 2.8 
kW
Kerosene Lighting 120 L/hh/year
II Domestic 
hydro
Trinidad 5kW 
Chalan 25kW 
Chugur 75kW 
Conchan 80kW
Kerosene, 
Off-grid diesel 
generators 
Or National Grid
Lighting 
Small services: 
Milling
Battery charging
120 L/hh/year
2.9 kWh/hh/year 
0.8 kWh/hh/year
III Industrial 
hydro
Yumahual 11kW 
El Tinte 14kW 
Atahualpa I 
35kW
Off-grid diesel 
generators
Mainly services -workshops 
Carpentry for laminating 
Carpentry for moulding 
Crafting from wood 
Milk processing
For reference:
17 MWh/community/year 
9 MWh/community/year 
1 MWh/community/year 
7 MWh/community/year
The values for lighting and services are taken as an average of the communities analysed. 
The figures for Type III communities are based on the electricity consumption for the 
baseline plant, off-grid diesel generator, used mainly to run small workshops. The figures 
are based on Atahualpa I community; details on the electricity rates for each workshop are 
found in Appendix I for baseline and project cases. It is important to note here that these 
rates are subject to the service provided, management, village characteristics (isolated, 
type and quantity of productions, etc.) and they are only given as reference values. In the 
case of workshops, ideally a consumption ratio per unit produced should be established. 
This would need the development of a list of products and an energy analysis per product. 
For example, in a carpentry workshop a figure for energy consumed per table produced is 
required. Additional data would be needed for other forms of services in rural areas.
After calculating reasonable consumption rates, plus the corresponding carbon emission
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factor per fuel or energy source, a simplified carbon emission factor per each baseline can 
be proposed as follows:
Table 31 Peruvian Carbon Factor per baseline in rural communities
Baselines Activities Average rates Carbon factor Carbon
factor/baseline
Kerosene Lighting 120 L/hh/year 2.5 x 10"3 tC02/L 0.3 tC02/hh/year
Off-grid diesel 
Generators or 
National Grid
Small services: 
Milling
Battery charging
2.9 kWh/hh/year 
0.8 kWh/hh/year
0.89 tCOz/MWh 2.6 kC02/hh/year 
0.7 kC02/hh/year
Off-grid diesel 
Generators or 
National Grid
Mainly services Subject to activity 0.9 tC02/MWh Depend on activity 
rates
The carbon factor for kerosene is taken from IPCC (1996), this is applied and explained in 
Section 5.2. For the small services the baseline sources of off-grid diesel generators and 
national grid come from Section 5.3.4. The carbon factor selected is based on the average 
electricity consumption and the average carbon emission factors for off-grid diesel and on- 
grid hydro mixed power. The carbon emission factor for projects aimed mainly to supply 
electricity for services come from the discussion in Section 5.4.4. The factor is an average 
of off-grid and on-grid electricity.
As it seems probable that a group of small energy projects is to be bundled in different 
countries, the described consumption and emission rates for the baseline types would be 
needed per country participant in the bundling. The average levels could be provided by 
the national or development agencies working on rural electrification. If the rates were not 
available, a sample and survey representing the community types would be needed and 
this would have to be carried out by the developers or host countries.
6.2. Monitoring small energy projects
Under the Marrakech Accords, the calculation of emission reductions for a COM project 
shall be based on monitoring the project activity (UNFCCC 2001b). Appendix B provides 
monitoring methods for a set of fourteen small energy projects (UNFCCC 2004g). These
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methods include renewables such as micro-hydro and solar technologies. There are two 
monitoring methodologies proposed for the renewable type that are applied to this 
analysis, these are:
• For Type I.A. Electricity generation by the user the monitoring method consists 
of an annual check of the energy system(s) or a sample to show they are in 
operation. Other evidence is also accepted such as on-going rental or lease 
payments; alternatively, metering the electricity generated by the system(s) or a 
sample of it. For the projects studied, this method is most suited to Type IV 
Domestic solar community, Atahualpa II. The other remaining communities are 
covered in the next Type l-B.
• For Type I.B. Mechanical energy for the user, the monitoring shall consist of two 
parts:
a) Recording annually the number of systems operating (evidence of 
continuing operation, such as on-going rental/lease payments could be a 
substitute).
b) Estimating the annual hours of operation for the equipment that uses the 
mechanical energy produced, if necessary using sampling methods. Annual 
hours of operation can be estimated from total output (tonnes of grain 
milled) and output per hour if an accurate value of output per hour is 
available.
The following sections propose monitoring methods for solar and micro-hydro 
technologies serving electricity for household and mechanical use. They follow the 
methods of Appendix B and also propose new sources of monitoring possible emissions 
reduction. Comments on the Type I .A and I.B monitoring methods are also included in 
each section.
6.2.1. SHS MONITORING
A methodology specifically for monitoring solar home system projects that provide
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electricity to rural households is proposed. This methodology is designed for Type IV 
Domestic solar projects studied in Cajamarca, Atahualpa II. It clearly considers the key 
variables for emission reductions calculation for the project and baseline cases within the 
activity boundary. It reduces the calculation of emission reductions to a simple
multiplication of annual fuel consumption, fuels’ emission factor and the number of 
households, or solar systems. Furthermore, for the baseline case it provides average 
annual fuel consumption rates for Cajamarca area, which can be applied to similar rural 
areas of Peru. At the same time, for the project case it assumes a remaining 10% 
baseline kerosene consumption, or 90% fuel replacement, based on the data from the set 
of projects studied. See Table 12 above for the fuel rates in Cajamarca and Tables 37-45, 
in Appendix IV, for leakage, monitoring plan for the project, baseline and quality
assurance and control respectively.
6.2.2. TYPE I .A. ELECTRICITY GENERATION BY THE USER
There are two main points to comment on the Type I .A. method for monitoring:
• The monitoring method only suggests checking the operability of the systems, by 
doing so it is ensured that all the systems are still working. However, it does not
account for possible project emissions caused as a result of operational or technical
problems. For example, if a component of a SHS fails (such as the panel) in a rural 
community, it is uncertain how long it will take to repair or replace the part. As the 
community is some distance from the city for technical service, it does not have 
telephone access and it could be expensive for the user to pay for the repair. In that 
case, the user would have to rely on previous or other sources of fuel for lighting. 
Hence, a provision to monitor the possible use of fuels for lighting should be 
considered for the project case.
• The method assumes that a project is replacing an equivalent service, such as diesel 
generator that could be assessed and compared in generating units, such as 
kWh/year. However, it is important to stress that in most cases, rural communities do 
not have access to a similar service and instead the fuels used for lighting are 
kerosene and candles. Hence, a condition to monitor kerosene levels should be 
applied before implementing the project and during its operation (baseline and project
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cases). In this study kerosene has proven to be the main source of emissions, as it 
represents more than 90% of the total fuel sources.
6.2.3. MHP MONITORING METHOD
A methodology specifically for monitoring off-grid micro-hydro projects that provide 
electricity to rural areas is proposed for domestic and small industrial applications.
This methodology is designed for Type II Domestic hydro and Type III Industrial hydro 
projects studied in Cajamarca, and considers the key variables for emission reductions 
calculation for the project and baseline cases within the activity boundary. It is applicable 
to these projects because it accounts for all sources of emissions for lighting and service 
activities. It also proposes average fuel consumption rates for kerosene (120 L/hh/year) 
for lighting. Included are average electricity consumption for services such as milling (2.9 
kWh/hh/year) and battery charging (0.8 kWh/hh/year). These consumption levels are 
based on Type II Domestic hydro communities in Cajamarca.
Furthermore, the monitoring method provides data of equipment use in typical community 
workshops such as carpentry, milk processing and cheese plants. The information 
includes equipment characteristics, annual hours of use and total energy demand, which 
make possible calculating C02 emissions if the appropriate carbon emission factor is 
known. A detailed list of the workshops and their equipment use in Type III Industrial 
hydro projects studied here (Atahualpa I, Yumahual and El Tinte) are provided in 
Appendix IV.
At the same time, the method identifies a possible source of leakage based on the 
discussion of section 3.4. Although Appendix B (UNFCCC 2004g) does not require 
leakage for small projects, it is believed that it could occur for projects that use the 
electricity mainly for production purposes. Emissions from transporting products would be 
the main sources of leakage. Tables 37-45, in Appendix IV, provide details for leakage, 
monitoring MHP plants for the project and baseline cases and quality assurance and 
control.
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6.2.4. TYPE I.B. MECHANICAL ENERGY FOR THE USER
There are two main comments regarding the Type I.B. method for monitoring:
e Monthly or quarterly metering records of the total energy generated by the project 
should also be included as a way to show the operability of the technology. 
Besides that, metering records will allow for a double check of the data on 
mechanical energy produced or electricity demand.
e This methodology for monitoring small projects assumes that all baseline sources
are diesel generators and ignores a non-equivalent service such as kerosene fuel 
for lighting. Hence, a provision for kerosene consumption should be considered for 
communities such as Type II Domestic hydro of this study.
If a set of projects is bundled, then the verification procedure could be based on sampling 
representative projects (for example, 10% of the total projects bundled per type such as 
solar or micro-hydro). This will reduce certifiers’ costs, based on the fact that the 
monitoring reporting is clear
6.3. Comments on baseline methods
6.3.1. CERUPT EQUATION FOR SHS
It is recommended that the equation for SHS proposed by CERUPT should be applied to 
communities with kerosene level ranges of 50-250 L/year/hh. Otherwise, as the study 
shows, overestimation or underestimation of reductions could occur.
6.3.2. TYPE LA ELECTRICITY GENERATION BY THE USER
This baseline method proposal does not consider kerosene fuels as a possible scenario, 
assuming a project replacing an equivalent service by basing the calculations on electricity 
consumption, Option 1 of Type I.A., Equation (7) in this study. This is not the case for the 
projects studied. As this analysis shows that six out of nine villages have kerosene as 
baseline fuel. It could be suggested creating a category for non-equivalent baselines, 
which considers kerosene and other fuels as baselines. Equation (12), reproduced below, 
is suggested to apply:
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E, = 2.53 x 10 -3 * ( Vin 1 nr)
Where
Ei= annual energy baseline in tC02/year
Vi= annual kerosene consumption per household (L/hh/year) belonging to the same group 
of T renewable project.
ni= number of households (consumers) supply by the renewable project belonging to the 
group of T renewable project
For Peru, equation (12) can be simplified to:
Ej = PC ;( Hi) ... (18)
Where:
Ei= annual energy baseline in tC02/year
PC= carbon emission factor for rural Peru for fuel i.
0,= number of households (consumers) supply by the renewable project belonging to the 
group of T renewable project
The baseline calculation for Option 2 of Type I.A, Equation (8) in this study, proposes the 
use of the annual electricity output of the COM project, which assumes that the baseline 
replaces an equal energy output (O, parameter). Table 12 and 17 shows that Atahualpa I 
MHP plant consumed19 about 30 MWh/year and 140 MWh/year before and after 
introducing the micro-hydro plant, demonstrating that the electricity consumption (if 
available) can increase depending on the energy use. Hence, assuming that the COM 
project replaces similar energy use is not always the case and overestimation of 
reductions could happen. Then, use of an incremental factor of 0.8, which represents the 
baseline energy output is suggested. This factor is based on the lowest energy 
consumption increment found in this study, for Yumahual MHP.
19 Here it is assumed that the electricity output is equal to the energy consumed for the baseline using an off-grid diesel 
generator. This is because not records on electricity output from the system are available.
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The default CEF value of 0.9 tC02/MWh proposed in Option 2 corresponds to a generator 
between 135-200 kW of capacity with electricity consumption higher than 1166 MWh/year. 
This factor does not apply to very small projects, such as those studied here where the 
total consumption is 360 MWh/year, see Table 17.
6.3.3. TYPE I.B. MECHANICAL ENERGY FOR THE USER
For this Type of project, CEF from off-grid diesel generators are proposed which is 
applicable if the baseline corresponds. For instance, on-grid baselines can also be used, 
as this analysis shows for milling and battery charging activities. In this case, the carbon 
emission factors per country or regional factors can be applied.
7. Conclusions
From the analysis of nine projects, it can be concluded that rural communities in 
Cajamarca have similar baselines. They use kerosene and candles for lighting 
households, national grid electricity or small diesel generators from the neighbouring 
villages to charge old car batteries. This study has also shown that C02 emission 
reductions from lighting and services activities are low; about 330 tCC2/year (less than 
7000 tC02 in 21 years) can be reduced from a total capacity of 250 kW and 360 
MWh/year of electricity consumption. A minimum of 500 similar projects would need to be 
implemented to cope with transaction costs. Hence, this set of projects would not be 
financially attractive to investors and the transaction costs would remain high. However, it 
can be said that the renewable projects studied are environmentally additional and provide 
a cheaper, more reliable and efficient service than typical sources of energy in rural areas.
The results of this study show that large energy systems do not always provide large 
amounts of C02 emission reductions, as this depends on the load factor of the plants, the 
type of baseline substitution (typical lighting fuels, diesel generators or grid electricity) and 
on the services use. The study also demonstrates that before implementing an energy 
project it is important to determine realistic project sizes to avoid low plant load factors. 
This could reduce implementation and maintenance costs. Stand-alone systems, such 
SHS are options that show good use of energy with load factors higher than 60%.
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Fuel consumption levels per household for kerosene and candles in rural communities of 
Cajamarca can vary as much as ± 90%. This shows an important source of uncertainty 
and it is recommended to carry out representative field surveys before (and after) the 
installation of the projects within the monitoring tasks. This should be applied in the 
particular region or location of the project. National and development agencies could 
provide this data for a country database. This research demonstrates that candles 
represents less than 5% of the total emissions for lighting. Hence, it is not important to 
consider this source of fuel when quantifying emission reductions. For the group of plants 
studied, the main emissions come from kerosene, milling and workshops. Reliable survey 
data for these sources is required for the development of the COM baselines for small 
projects. A country database for these key variables should be developed, as this will 
support bundling these projects. Indeed, for Peru it is suggested to apply the following 
baseline rates; 120 L/hh/year, 2.9 kWh/hh/year and 0.8 kWh/hh/year for kerosene, milling 
and battery changing respectively.
The introduction of micro-hydro systems in the Cajamarcan communities demonstrates 
that for the project case the energy consumption have increased up to 6 times in 
comparison to baseline levels. However the fact that half of the hydro plants operate with 
load factors lower than 40% shows that overestimation of plant capacities was carried out. 
Careful consideration when designing a similar project should be given to avoid 
unnecessary costs. This study has also proven that off-grid renewable systems in rural 
Peru can provide savings on annual energy expenditure of up to 80% for household users.
Furthermore, it is also suggested that for small-scale COM energy projects in rural areas, 
the baseline sources identification should be carried out explicitly in two parts; for lighting 
and for services. In this way, clear baseline emissions scenarios can be demonstrated and 
more accurate emission reductions can be estimated. For example, kerosene and candles 
for lighting plus off-grid diesel generators and national grid electricity for battery charging 
and milling services. If projects are to be bundled, then pre-defined country parameters 
should be used depending on baseline sources. In this context, from this study it is 
proposed to apply a set of Peruvian carbon emission factor to calculate baselines in rural 
communities; 0.3 tC02/hh/year, 2.6 kC02/hh/year and 0.7 kC02/hh/year for kerosene,
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milling and battery charging respectively. Useful ratios can also be suggested for quick 
estimations or C02 reductions; for example, 0.4-3.5 tC02/kW and 345 ktC02/hh/year can 
be used to calculate emissions when the plant capacity and number of households are 
known respectively.
The conclusions from comparing the Peruvian projects with other countries suggest three 
main issues: A) Type II Domestic hydro and Type IV Domestic solar projects against 
Kenya, Sri Lanka, Ghana, Zimbabwe and Indonesia show that kerosene baselines are 
common in the six countries. However, the emission levels within the six countries are on 
average 283 kC02/hh/year with a high uncertainty of ±78%. This shows that for a bundled 
activity from different countries emission reductions should be accounted separately. B) 
When Type III Industrial hydro communities are compared to two projects in Kenya and 
Tanzania present different carbon factors (tC02/MWh) with a variation of ± 80%; 
demonstrating that on-grid or off-grid electricity factors differ from country to country. C) 
Foreign hydro plants make better use of the electricity available from their systems.
The set of projects studied show that rural communities could use national grid electricity 
for services. However these baseline emissions are not considered in Type I-A & l-B 
categories methods for Renewable projects (UNFCCC 2004g). A provision for this source 
should be included; for example, using the carbon emission factor proposed by the 
International Energy Agency (IEA 2000) for mix-grid electricity in different countries. At the 
same time, Equation (7) of Type LA method for Renewable projects (UNFCCC 2004g) 
does not consider a methodology for non-equivalent baseline used in rural communities 
for lighting such as burning kerosene and candles. Hence, it is suggested to include a 
category for this type of baseline for small-scale electricity projects used for lighting. 
Equation (8), Option 2 of Type LA of Appendix B assumes that the baseline replaces an 
equal energy output, which is not always the case as this work demonstrated. Hence, it is 
suggested to apply an incremental factor of 0.8 for the baseline energy output (OJ.
The standard equation suggested by CERUPT could overestimate C02 reductions for 
kerosene consumption levels lower than 50 L/year/hh. Hence, it is recommended using 
that method only for projects with higher consumption levels and the method should also
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include a correction for candle emissions.
SHS projects can be more environmentally efficient than MHP plants because there is a 
higher probability that these projects would perform a high load factors (>60%), subject to 
the baseline replacement. Ahijadero community is a clear example of a project with low 
C02 emission reductions (from lighting activities) because of its low kerosene and candle 
consumption levels. This fact makes these (poor) communities less attractive, which would 
be inappropriate if a project is to be identified requiring minimum fuel consumption levels.
The relationship between emission reductions and project sizes is of interest. For the solar 
systems in Type IV Domestic hydro, Atahualpa II community, the project size does not 
reflect the emission reductions and the lack of more data on similar projects does not 
allow to draw conclusions. For Type II Domestic hydro and Type III Industrial hydro 
communities, again there is not a relationship within the size of the plants and the C02 
reductions. Hence, it can be concluded that there is not a trend between project size and 
emission reductions.
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Appendix I Mechanical energy consumption for project and baseline cases
Table 32 Workshops in Atahualpa I and energy consumption for the project case
Workshops Items Mechanical 
Power [HP]
Electric 
Power [kW]
Usage
[hour/day]
Usage
[hour/year]
Energy
Demand
[kWh/year]
Carpentry Workshop 
1
Esmeril 1 0.75 0.6 0.5 130 72.7
Cierra Circular 1 6.5 4.8 8 2080 10081.9
Electric Plainer 2 2 1.5 4 2080 3102.1
Compressor 2 0.09 0.1 2 1040 69.8
Energy Efficient Bulbs 4 0.04 8 8320 332.8
Carpentry Workshop 
11
Cierra Cinta 1 6.6 4.9 1.6 416 2047.4
Cierra Radial 1 7.5 5.6 8 2080 11632.9
Garlopa Cierra 1 2 1.5 8 2080 3102.1
Cepilladora 1 6.6 4.9 6.4 1664 8189.6
Tupi 1 6.5 4.8 0.4 104 504.1
Torno 1 1 0.7 8 2080 1551.1
Fragua para calentar 
Fe
1 0.33 0.2 3.2 832 204.7
Visceladora 0.5 0.4 3.2 832 310.2
Roladora 1 0.5 0.4 3.2 832 310.2
Cierra Afiladora 1 1 0.7 3.2 832 620.4
Energy Efficient Bulbs 4 0.04 8 8320 332.8
Sub Totals 31.3 42464.8
Milk Processing 
Plant
Ordenadora 1 5 3.7 4 1040 3877.6
Cooling machine 1 3 2.2 3.5 910 2035.8
Pump 1 2.5 1.9 3.5 910 1696.5
Energy Efficient Bulbs 6 0.04 8 12480 499.2
Sub Totals 7.9 8109.1
Cheese Plant
Fridge 1 0.8 24 6240 4680.0
Moledora 1 1.5 1.1 4 1040 1163.3
Descremadora 1 2.0 4 1040 2080.0
Fan 1 1 0.7 24 6240 4653.2
Energy Efficient Bulbs 2 0.04 8 4160 166.4
Sub Totals 4.7 12742.9
Yougurt Plant
Fridge 1 0.8 24 6240 4992.0
Cooker 1 7.0 4 1040 7280.0
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Extractors 2 0.2 24 12480 2745.6
Incubator 2 0.2 24 12480 1872.0
Ensachetadora 1 0.6 1 260 156.0
Blender 1 1 0.3 2 520 156.0
Efficient bulbs 2 1 0.04 8 4160 166.4
Sub Totals 9.1 17368.0
Wood Craft 
Woorkshop
Lijadora 3 0.2 4 3120 561.6
Taladro 1 0.2 2 520 93.6
Compressor 1 0.1 1 260 26.0
Radio 1 0.02 4 1040 20.8
Efficient bulbs 2 0.04 4 2080 83.2
Sub Totals 0.5 785.2
Bakery
Blender 1 5.8 4.3 4 1040 4498.1
Amasadora 1 1.5 1.1 4 1040 1163.3
Efficient bulbs 2 0.04 12 6240 249.6
Sub Totals 5.5 5911.0
Mill
Grain mill 1 10 7.5 4 1040 7755.3
Martillo mill 1 1 0.7 4 1040 775.5
Sub Totals 8.2 8530.8
Computer Centre
Computers 4 0.2 4 4160 832.0
Printers 1 0.05 4 1040 52.0
Till machine 1 0.02 4 1040 20.8
Mobile phone charger 5 0.05 4 5200 260.0
Radio
(communication)
1 0.05 4 1040 52.0
Photocopy 1 0.3 . 4 1040 312.0
Efficient bulbs 4 0.02 4 4160 83.2
Sub Totals 0.7 1612.0
Table 33 Workshops in Yumahual and energy consumption for the project case
Workshops Quantity
Mechanical 
Power [HP]
Electric
Power
[kW]
Usage
[hour/day]
Usage
[hour/year]
Energy Demand 
[kWh/year]
Incubator
Incubator 1 4.5 24 7512 33804.0
Hatcher 1 4.0 24 7512 30048.0
Baterry charger 1 0.3 12 3756 1126.8
Lighting 4 0.04 6 1878 75.1
Total 65053.9
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Table 34 Workshops in El Tinte and energy consumption for the project case
Workshops Quantity
Mechanic 
al Power 
[HP]
Electric 
Power [kW]
Usage
[hour/day]
Usage
[hour/year]
Energy
Demand
[kWh/year]
Milk Processing Plant
Ordenadora 1 5 3.7 4 1252 4668.1
Cooling machine 1 3 2.2 3.5 1095.5 2450.7
Pump 1 2.5 1.9 3.5 1095.5 2042.3
Energy Efficient Bulbs 4 0.04 8 10016 400.6
Households
Bulbs 4 0.05 3 4380 219.0
TV 0.10 3 1095 109.5
Radio 0.02 5 1825 36.5
Total 9926.8
Table 35 Workshops in Atahualpa I and energy consumption for the baseline case
Workshops Quantity
Mechanical 
Power [HP]
Electric 
Power [kW]
Usage
[hour/day]
Usage
[hour/ye
ar]
Energy Demand 
[kWh/year]
Carpentry Workshop I
Esmeril 1 0.75 0.6 0.5 156.5 87.5
Cierra Circular 1 6.5 4.8 8 2504 12137.0
Electric Plainer 2 2 1.5 4 2504 3734.5
Compressor 2 0.09 0.1 2 1252 84.0
Energy Efficient Bulbs 4 0.04 8 1001.6 400.6
Carpentry Workshop II
Garlopa Cierra 2 1.5 8 2504 3734.5
Tupi 6.5 4.8 0.4 125.2 606.9
Torno 1 0.7 8 2504 1867.2
Fragua para calentar Fe 0.33 0.2 3.2 1001.6 246.5
Visceladora 0.5 0.4 3.2 1001.6 373.4
Roladora 0.5 0.4 3.2 1001.6 373.4
Cierra Afiladora 1 0.7 3.2 1001.6 746.9
Energy Efficient Bulbs 4 0.04 8 10016 400.6
Sub Totals 15.9 24793.1
Wood Craft Woorkshop
Lijadora 3 0.2 4 3756 676.1
Taladro 1 0.2 2 626 112.7
Compressor 1 0.1 1 313 31.3
Radio 1 0.02 4 1252 25.0
Efficient bulbs 2 0.04 4 2504 100.2
Sub Totals 0.5 945.3
Church
Colour TV 33' 1 0.4 1.6 500.8 175.3
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Amplificador
VMS
Efficient bulbs 
Bulbs
1
1
37
3
0.01
0.1
0.04
0.2
1.6
1.6
1.6
1.6
500.8
500.8 
18529.6
1502.4
5.0
60.1
741.2
300.5
Sub Totals 0.7 1282.0
Accommodation
Heater (water showers, 80
L) 1 4.0 2 626 2504.0
Kettle 1 1.2 2 626 751.2
Bulbs 20 0.05 3 18780 939.0
Hoover 1 1.0 1 313 313.0
Sub Totals 6.3 4507.2
Restaurant I
Fridge 1 0.2 24 7512 1502.4
Blender 1 0.04 0.25 78.25 3.1
Efficient bulbs 6 0.04 4 7512 300.5
Sub Totals 0.3 1806.0
TOTAL ENERGY DEMAND 23.6 33333.6
Table 36 Workshops in El Tinte and energy consumption for the baseline case
Workshops Quantity
Mechanical 
Power [HP]
Electric Power 
[kW]
Usage
[hour/year]
Energy Demand 
[kWh/year]
Milk Processing Plant
Ordenadora 1 5 3.7 1252 4668.1
Cooling machine
Pump 1 2.5 1.9 1095.5 2042.3
Energy Efficient Bulbs 4 0.04 5008 200.3
5.6 6910.7
Households
Bulbs 4 0.05 2920 146.0
TV 1 0.10 730 73.0
Radio 1 0.02 1095 21.9
0.17 240.9
Total  7151.6
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1. Introduction
This chapter explores the financial implications of implementing micro-hydro and 
solar energy projects. It relies on technical and financial data from eight energy 
projects in Cajamarca. The objective is to evaluate the financial viability of small- 
scale energy projects in rural areas of Peru. The chapter analyses the financial 
perspectives of the users, the investor and the developer. A financial assessment is 
applied to the eight projects. Each investigates the baseline and abatement costs. 
The results allow the users to determine if the energy systems implemented are 
more cost effective than the previous sources of energy such as kerosene, candles, 
battery charging and diesel generators. They also allow the investor and developer 
to determine if the energy systems are sustainable and profitable.
This chapter studies in detail the financial assessment and then discusses the 
results of each energy project. It also provides in depth analysis of the main lessons 
learned plus the conclusions and recommendations.
In the next chapter an analysis of the implications of these types of projects as 
possible clean development mechanism (CDM) activities is carried out.
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2. Financial appraisal
A financial appraisal for all eight energy projects is carried out to determine if 
renewable technologies can be used instead of typical technologies such as 
kerosene lamps, candles, small and diesel generators.
This section explains the background to financial appraisal and the data gathering 
process. This assessment looks at the total cost of each project in Cajamarca. By 
applying the present value (PV) concept, the net present value (NPV), internal rate 
of return (IRR) and payback period (PBP). Of the eight projects, seven are micro- 
hydro power (MHP) plants and one is a project of 50 units of solar home systems 
(SHS).
This basically allows the expected cost of a project to be compared with its 
projected benefits. However, it tends to be restricted to costs and benefits that can 
be defined in monetary term only. It is necessary to establish which costs and 
benefits to include in a financial analysis. For example, for the investment of a small 
electricity plant in a local community it is essential to include the fuel, operation and 
maintenance costs and capital investment needed. The benefits, for the investor, 
could be mainly the revenue of selling electricity to the locals.
The main difficulty of a financial appraisal is that the costs and benefits of a project 
will emerge at different times of the project lifecycle. For example, a micro-hydro 
plant has a lifetime of 25 years, each year it will generate income but there are also 
running costs to consider.
The most widely-used methods of evaluating capital investment can be divided into 
two distinct categories: techniques that take into account the value of money along 
time and those that do not. The first category includes net present value, internal 
rate of return and profitability index techniques. The second category involves the 
payback period and average rate of return.
For this study, a financial evaluation of eight energy projects is carried out. Here the 
net present value, internal rate of return and payback period techniques are 
applied. The aim is to find out the difference in the approaches and to propose the 
more convenient technique. Before these techniques are introduced, it is essential
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to explore how the value of money can change over time. By understanding the 
principle of discounting and the theory of present value.
2.1 Discounting and present value (PV)
The idea behind discounting is that the value of having a sum of money at a future 
date is less than the value of having the same sum of money today (Groppelli et al. 
2000). In other words £500 in the year 2020 will be worth less than £500 at present. 
This reduction is caused by inflation, which is a decrease in the value of purchasing 
power due to demand for more goods than producers can supply. As a result if you 
want to buy something for a £1 today it will cost you more the following year.
The definition of PV (X) of a cash flows X,, X2, X3, ... Xn after 1, 2, 3, ...N years 
respectively in the future at a discount rate d (%) is:
Where:
X is the cash flow or investment at year n 
d is the discount rate
N is the lifetime of the study or number of years from the operation of the energy
plant year to present or from present to the end of operation
The following is the formulae to calculate the PV (X) of a cash flow Xn in the past:
:P V (X )= X M l + df  (2)
Financial decision-makers apply the PV concept to assess project investment. They 
rely heavily on the principle of discounting future costs and benefits so as to 
represent them in terms of their PV (Jackson 2002). PV provides a basis for 
comparing the profitability of different projects or investments over a period of 
years. An interest is used as a discount rate to calculate the PV of future cash 
flows. This interest is always above inflation. In that way, risk and uncertainty of an 
investment over time is adjusted.
There are three important reasons why the value of money decreases progressively 
over time: inflation, economic and political risks and investors demand for 
immediate cash returns (Groppelli et al. 2000).
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Inflation refers to a general price increase in the economy. When prices rise, the 
value of cash flows decreases, and since prices are expected to rise in the future 
the value of a pound in future will be less than it is today. In other words, the 
purchasing power of a pound today is higher than it will be tomorrow because rising 
prices will diminish the value of that pound.
Risk or uncertainty about the future also causes a decline in the value of money. As 
the future is uncertain, risk increases with time. In general, in financial terms risk 
should be avoided, therefore cash is valued more at present than in the future. For 
an investor it is difficult to predict the future of a country’s economy. This depends 
on the political, social, etc. situations of the country and also of the world.
Cash returns or liquidity refers to how easily assets can be converted into cash. 
Investors prefer to have available cash for emergencies. It is important to an 
investor or a firm to know how much their cash investments will grow so they can 
determine whether their investment is worthwhile.
A discount rate is an interest rate applied to a series of future payments taking into 
account risk of the time factor when a PV is calculated. This interest rate depends 
on who completes the economic analysis and who undertakes the project. One type 
of discount rate is a social discount rate used by public investors. This rate provides 
the opportunity to evaluate if a public investment will benefit future generations. The 
benefits and costs of a public project will directly effect local people because the 
long-term macro-economic costs or benefits of investing in a particular project may 
be of great importance to a local community (Jackson 2002). Government needs to 
justify spending public money, which is raised through taxes and international aid. A 
social discount rate is used to calculate PV to assess public projects to help 
decision-makers. This is because the public sector decision-makers are also 
encouraged to invest in projects that generate returns.
There is not a universally accepted "correct" social discount rate. Interpretation of 
appraisal results is difficult when analysts use different discount rates. The solution 
to this issue is to apply a standard set of real discount rates by carrying out a 
sensitivity analysis (Jackson 2002).
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2.2 Net present value (NPV)
This concept states that if the PV of a project’s future cash flow is greater than the 
initial cost, the project is worth undertaking. On the other hand, if the PV is less than 
the initial cost, a project should be rejected because the investor would lose money 
if the project were accepted (Groppelli et al. 2000). Hence, the NPV of an accepted 
project is zero or positive, and the NPV of a rejected project is negative.
To apply the NPV method to this financial assessment the initial capital cost of the 
project at 2003 (PV of abatement costs, Ca) is subtracted from the PV of the cash 
flows (or revenues, R). Hence:
\N P V {x )= [f j7- ^ y \ - C a  = PV(R)~PV(Ca)i (3)
n=l (1 +  «  J
Where:
X is the cash flow or investment at year n 
d is the discount rate
n is the lifetime of the study or number of years, from the operation of the energy 
plant year to present and from present to the end of the operation.
Ca abatement costs or capital costs of the project 
R revenues or cash flows
For this study, the annual revenues or cash flows R are counted from when each 
energy plant started its operation (PV in the past, equation 4) to the present and 
from the present to the end of the plant operation (PV in the future, equation 3).
The capital investment Ca (equation 4) is discounted to its PV because the 
investment was made in the past (before 2003, the year of study).
The critical point of this method is in deciding which discount rate to use in 
calculating the NPV. Discount rates are influenced by the interest, inflation and 
current exchange rates of the country where the investment is planned and by the 
length of the given project. Section 8 Sensitivity analysis presents the discount 
rates applied for this study and the justification for this application.
The NPV method’s main advantage is that it recognises the time value of money. 
The main limitation of the NPV approach is the uncertainty in the predictions of 
cash flows in future. Future cash flows are subject to future sales, costs of labour, 
materials and government policies. Overestimation or underestimation of future 
cash flows could lead to the acceptance of a project that should have been 
rejected. Additionally, the NPV approach usually assumes that the discount rate is
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similar during the lifetime of the project. The way to solve this limitation would be to 
predict future interest rates and then discount the cash flow of each future year by 
the predicted discount rate. However, this prediction can also be uncertain because 
interest rates are difficult to predict in five or ten years. However, despite the NPV 
limitations, this method is still the best way of capital budgeting.
2.3 Internal rate of return (IRR)
The internal rate of return (IRR) is an alternative technique for use in making capital 
investment decisions that also takes into account the time value of money. It 
represents the true interest rate earned on an investment over the course of its 
economic life. The measure is also referred as the discounted rate of return. The 
IRR is the interest rate d that, when used to discount all cash flows resulting from 
an investment, will equate the present value of the cash receipts to the present 
value of the cash outlays. In other words, it is the discount rate that will cause the 
net present value of an investment to be zero. Alternatively, the IRR can be 
described as the maximum cost of capital than can be applied to finance a project 
without harming shareholders or investors. The IRR is found by solving for the 
value of d from the following formula (Drury 2000):
, JV Yn
E  7 ™ > ]  -  Ca= PV(R) -  f r ( C o ) = 0  (4)
' n=} (1 + <5U_
The IRR approach is more popular than the NPV approach because it is easier to 
understand. The preference for IRR is attributable to business men and women’s 
preference for rates of return rather than £ returns (Drury 2000). They tend to find 
NPV more difficult to use because it does not really measure benefits relative to the 
amount invested.
However, there are two main limitations of the IRR. Firstly it can give unrealistically 
high rates of return. Unless the calculated IRR is a reasonable rate for reinvestment 
of future cash flows, it should not be used as a tool to accept or reject a project. The 
second problem of the IRR is that it may give more than one rate of return that 
makes the present value of the cash flows equal to the initial investment or the 
investment NPV equals zero (Groppelli et al. 2000). Despite the popularity of the 
IRR in the business arena, it entails problems that need to be taken into account 
when financial appraisals are carried out.
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2.4 Payback period (PBP)
The payback period (PBP) is one of the simplest and most frequently used methods 
of capital investment appraisal. It is defined as the length of time in years that is 
required for a project to recover its initial investment. If the cash flow from the 
investment is constant each year, the PBP can be calculated by dividing the total 
cash outlay by the amount of the expected annual cash proceeds (Drury 2000).
The main advantage of this method is that it is easy to use and understand. It is 
straightforward to calculate how many years it takes to get the initial investment 
back. The PBP can provide a quick measure of risk to see if the invested capital will 
be paid back in a reasonable period of time.
The main disadvantage is that it completely ignores the value of money over time. 
By using this method there is no difference between the value of cash inflow in the 
first year of an investment and the same amount of cash in a later year. This is 
because the payback period method ignores inflation and depreciation of money.
2.5 Incremental costs
The incremental costs Cine of each energy plant is calculated by subtracting the 
total baseline costs ^ C b  from the total abatement costs Ca for each plant:
d n c  = C a - ^ C b  (5)
The baseline case, in climate change, is the level of emissions and type of process 
without any mitigation (Jackson 1995). The abatement case is a decrease in either 
the level or intensity of a nuisance, such as pollution or the act of decreasing or 
eliminating a nuisance (Markandya et al. 2001). Abatement technology is a cleaner 
process applied; for example, MHP plants and SHS are cleaner energy 
technologies to produce electricity than burning kerosene or diesel.
King (1993) defines incremental costs as the difference between two investments, 
each with different emission profiles. Incremental costs always involve a 
comparison between two projects or programmes that provide a similar service 
(Ahuja 1994).
For this study, the NPV, IRR, PBP and incremental costs’ methods are applied to 
assess the financial implication of the eight energy plants developed in Cajamarca.
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The results of this analysis are presented in the section 5 entitled Discussion of 
results per project.
It is important to note that the scope of this investment appraisal focuses only on 
monetary terms and does not consider other possible hidden costs and benefits. 
For example, a development project, such as a coal power station, can adversely 
affect climate change and protect miner workers’ employment. Such increments 
could be measured in monetary terms if values can be given. As to date such costs 
are quite controversial and difficult to quantify. This work focuses only in the 
available monetary value of the energy projects.
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3. Data acquisition
Having selected eight projects, technical and financial information was needed. For 
that, surveys were developed and applied during a field trip. Visiting seven 
communities with MHP plants and one with SHS. These energy projects have been 
developed and implemented by the non-governmental organisation Intermediate 
Technology Development Group.
The surveys answered questions for the baseline and the abatement technologies. 
They look at which fuels were used before the installation of the projects, what 
energy service was and is delivered, how much fuel was consumed, or is still being 
consumed, the amount of money spent on fuels or electricity, the amount of project 
investments and the sources of the investments. Chapter II entitled Research 
approach presents details of the data acquisition process.
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4. Methodology
This section presents the methods applied to calculate the variables for the 
baseline and abatement costs.
4.1 Total baseline costs for energy projects in Cajamarca
The objective here is to calculate the total baseline costs of energy use in eight 
communities that at present operate energy plants. These communities -Trinidad, 
Yumahual, El Tinte, Chalan, Atahualpa I, Chugur and Conchan and Atahualpa II- 
are located in rural Cajamarca.
There are five possible baselines sources of energy for each community -kerosene, 
candles, battery charging and milling services and mini-grid diesel generators. The 
battery charging and milling services could be powered from the neighbour village 
either from the national grid or from a mini-grid generator.
All the projects have as baselines kerosene, candles and battery charging. Half of 
the projects have milling services -Trinidad, Chalan, Atahualpa I and Atahualpa II-. 
Only three communities used diesel generators -Yumahual, El Tinte and Atahualpa 
I-. Table 1 describes these costs for each energy source.
The total baseline cost is Cb the sum of the baseline costs for all the typical rural 
energy technology used before the introduction of the energy plant. Rural 
technologies were kerosene lamps Eke, candles Eca, battery charging Ebc, milling 
Emi and diesel generators Edg, as specified in the following equation:
\Cb =  ^ Ç b (E i)  = Cb(Eke) + Cb(Eca) + C{Ebc)+ Cb(Êmï) + Cb(Edg) (6)
The baseline cost per rural energy technology Cb(Ei) are obtained by summing the 
capital costs Cc, replacement costs Cr and annual costs Ca for each rural energy 
technology:
(7)
The capital cost Cc(Ei) is the initial outlay to establish the rural technology including 
purchase, transport and installation. The replacement costs Cr(Ei) cover any 
component that would need renewing. The annual costs Ca(Ei) cover any
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operation, maintenance and fuel costs. Table 1 describes these costs for each 
energy source.
Each baseline cost is calculated for 25 and 20 years for communities operating 
MHP and SHS technology respectively. This will allow comparison between 
baseline and abatement costs within the same period of time.
The concept of PV is applied to carry out this analysis. The PV for each baseline 
and for each project is assessed considering that the projects started in the past 
(before 2003) and will continue in the future (after 2003). The year 2003 is the year 
of the study.
Table 1 Components of baseline costs for energy sources
Energy sources Capital costs (Cc) Replacement costs (Cr) Annual costs (Ca)
Kerosene lamp Lamp and transport 
cost
Replacement lamps 
(every 5 years)
Fuel, glass mantles and 
wicks (annual costs)
Candles None None Annual Costs of candles
Battery charging at 
recharging station
Battery (re-use) Replacement battery 
(every 2 years)
Charging and transport 
costs
Milling at milling 
station
None None Milling and transport 
costs
Diesel Generator Generator, transport 
and installation costs
None Fuel and O&M costs
It is important to clarify that n’ in equation (2) is different to n’ in equation (1). The 
first applies to years up to 2003, the second to those after 2003. Typically, the 
discount rate applied for the past (in equation 2) is the appropriate average inflation 
rate and for the future (in equation 1) at is ‘real value’ above the inflation rate. 
Future inflation can be ignored, as it has no effect on the present value of future 
cash flows. It does however affect the size of the cash flows in the year in which 
they occur.
As explained, the baseline cost of each source of energy is the sum of the capital 
costs, replacement costs and annual costs. These capital, replacement and annual 
costs are based on production prices. These production prices are assumed to be 
80% of the market prices because only the latter data is available. For the prices 
before 2003 data is available, after 2003 assumptions are made.
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A spreadsheet model has been developed for each project to assess the baseline 
costs for kerosene, candles, battery charging, milling services and diesel 
generators. Each baseline cost is calculated in a separate worksheet.
4.1.1 Baseline costs for kerosene
This section explains the financial analysis for the kerosene baseline costs. In order 
to understand this cost assessment it is important to provide an overview of the 
technology involved in the kerosene baseline.
Rural communities without electricity burn kerosene with hurricane lamps to provide 
lighting. These lamps are small units with three main components -metal base 
where the fuel is stored, glass lamp that protects the burning fuel from the 
environment and a cotton wick that maintains the flame.
As mentioned kerosene costs apply to all projects. On that basis, the analysis of the 
kerosene baseline costs considers three main cost variables -capital, replacement 
and annual costs. See also equation 2.
• The capital costs include the costs of the hurricane lamp and transportation 
costs from buying the lamps.
» The replacement costs consider the replacement of the hurricane lamp,
which is assumed to be every five years.
• The annual costs consider the kerosene fuel costs, the costs of the glass 
lamp (assuming two lamps are used per year because of breakages) and 
the cotton wicks (assuming the use of one wick per week).
The assumptions are based on the interviews carried out in each household during 
field-work. The calculations are carried out in local currency, Peruvian Nuevos 
Soles (SI), then converted to US dollars (US$) using the exchange rate at 2003 (at 
S/ 3.42/US$).
The worksheet for the kerosene baseline presents the calculations for capital, 
replacement and annual costs. It presents the total baseline costs at 2003 (in 
sS/./hh, US$/hh and US$/community units).
Using equation 2, the average Peruvian inflation rates from Table 2 are applied as 
discount factors to calculate the PV of past cash flows before 2003. For future cash
362
Chapter VI Financial analysis
flows, it is assumed a constant PV of 2003 until the end of the lifecycle of the 
project.
Table 2 Inflation rates and discount factors for energy projects
Project Type Year operation Average Peruvian 
inflation rate (*)
Discount factor (**)
Trinidad MHP 1997 4.2 1.28
Yumahual MHP 1997 4.2 1.28
El Tinte MHP 1996 5.2 1.43
Chalan MHP 1995 5.8 1.57
Atahualpa I MHP 1992 13.3 3.97
Chugur MHP 1997 4.2 1.28
Conchan MHP 1995 5.8 1.57
Atahualpa II SHS 2002 2.5 1.03
(*) Inflation rates in Peru from 1992 -  2002 are the following: 56.7%, 39.5%, 15.4%, 10.2%, 11.8%, 6.5%, 6.0%, 
3.7%, 3.7%, 2.6% and 2.5% respectively (BCRP 2002). The average Peruvian inflation rates are based on year by 
year factor. For example: For Trinidad, operation started in 1997-2002:
(1+6.5%)(1+6%)(1+3.7%)(1+3.7%)(1+2.6%)(1+2.5%) = (1+ average inflation rate)A6; then the average inflation 
rate equals 4.2%.
(**) The discount factor is the interest annuity factor, which uses the average Peruvian inflation rate and the 
number of years from the operation of the plant to 2002 for each project.
The details on the PV calculation are included in section '\0A-Appendix: Baseline 
costs for kerosene.
4.1.2 Baseline costs for candles
The typical candles used in Cajamarca were paraffin wax sticks of 25 g each. They 
can be bought in the local grocery shops. This type of candles lasts an average of 
four hours. Some households would prefer to use candles, as the unit price is very 
affordable, without considering that their life is short and that they provide poor 
lighting.
To assess the baseline costs for candles, only the annual costs parameter is 
considered, as there are no capital costs and replacement costs included. For the 
annual costs it is only necessary to know the average quantity of candles used per 
year per household and the production price of the candles. The later is assumed 
80% from the consumer prices. This data is taken from the surveys carried out in
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the 2002 field trip. The baseline costs for candles are assessed for the eight 
communities, see Table 1. The total present baseline costs for candles in 25 or 20 
years results are given in S/./hh, US$/hh and US$/community.
As for the kerosene case, the discount factor applied is the average Peruvian 
inflation rate to obtain the past PV of cash flows from the operation of the plant to 
2003. This PV is assumed to be the same in 25 or 20 years for communities with 
MHP plants and SHS respectively. The details for this calculation are presented in 
section 10.2- Appendix: Baseline costs for candles.
4.1.3 Baseline costs for battery charging
In the communities studied the re-use of Lead-acid car batteries of 12V is very 
common. They power small appliances such as black and white TVs, radios and/or 
light bulbs. These batteries can be bought and re-charged in nearest towns with 
access to electricity. The lifetime of Lead-acid batteries depend on how it is used.
The financial assessment for battery charging considers three main variables - 
capital, replacement and annual costs. It calculates the total capital costs at 2003 of 
buying a second hand car battery, the costs data are taken from surveys carried out 
in the 2002 field trip. It also calculates the total replacement costs in 25/20 years, 
assuming from survey data that each battery needs an average replacement every 
2 years, and then only 11 and 9 replacements are made in 25 and 20 years 
respectively. The annual costs are estimated by using the average charging times 
per household per year and price per charging, which was estimated from the 
surveys.
For the three main costs, the PV is calculated as for kerosene and candles using 
Peruvian inflation rates as the discount factors. Also assuming that the annual PV 
for the future is the same as for the past.
The financial analysis for battery charging is carried out for the eight communities 
as all of them used this technology. The procedure applied is presented in detail in 
section 10.3 Appendix: Baseline for battery charging.
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4.1.4 Baseline costs for milling
The financial analysis for milling is carried out for four projects -Trinidad, Chalân 
and Atahualpa I MHP plants and Atahualpa II SHS. Chugur and Conchan are not 
assessed because their agricultural production is too low to use milling services. 
Yumahual and El Tinte are mainly small production facilities with only one 
household each, that also did not need to use milling services.
There are no capital and replacement costs involved because the milling facilities 
are located in other towns, the householders do not own the milling facilities. For 
this calculation, only the annual costs are considered. These costs are based on 
the amount of electricity consumed and on its price. The details of this calculation
are included in section 10.4 Appendix: Baseline for milling.
4.1.5 Baseline costs for small diesel generators
The analysis for diesel generators is applied for three communities -Yumahual, El 
Tinte and Atahualpa I. Yumahual has a small production site that did not exist 
before the installation of the MHP plant. As a result, it is assumed that the energy 
source of electricity for this facility would be a small diesel generator of 15 kW. This 
generator would be enough to provide equivalent electricity as the MHP plant of 11 
kW installed. This site has only one household where the only operator lives.
For El Tinte a similar situation occurs, the electricity from this 14 kW plant is used 
for cooling milk, the previous energy source was a diesel generator of 15kW. Only 
one householder lives on the site. Atahualpa I MHP plant of 35kW uses the 
electricity to light 35 households in the evenings and to power small workshops - 
carpentry, diary products, textile and welding. The previous source of energy was a 
diesel generator of a 30 kW capacity. The other projects did not use diesel 
generators.
To calculate the total baseline costs for these three sites, only capital and annual 
costs are considered. They are expressed as present values because there is no 
data for the past and discounting is not applied.
For the capital costs assessment, the costs for diesel generators of 15 and 30 kW
of capacity is taken from providers in Peru (Hanzi 2003); transportation costs and 
installation costs are assumed from discussion with the local technical people.
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For the annual costs calculation, the diesel fuel used for each plant is assumed in 
relation to the energy consumption of the plants. Data for fuel consumption, 
operation and maintenance costs is available from the data taken during the 2002 
field trip. Present prices for diesel are used. Section 10.5 summarizes this 
calculation.
4.2 Total abatement costs for energy projects in Cajamarca
The objective in this calculation is to assess the total abatement costs of the energy 
plants -Trinidad, Yumahual, El Tinte, Chalân, Atahualpa I, Chugur and Conchan 
MHP plants and Atahualpa II SHS. The total abatement cost is the sum of the 
investment costs, grant and loan. Table 3 presents a summary of these energy 
plants including their capacities, number of households, the year when the plants 
started operation and the year when they will finish operating together with their 
correspondent source of funding.
Table 3 Funding sources in US$ for energy projects
Plant Capacity
kW
hh Operation
year
Finish
operation
Investment Grant Loan Total (*)
Trinidad 5 22 1997 2021 1000 2500 12000 15500
Yumahual 11 1 1997 2021 4200 - 30000 34200
El Tinte 14 1 1996 2020 5000 - 30000 35000
Chalân 25 94 1995 2019 54565 9000 19218 82783
Atahualpa I 35 35 1992 2016 - 102000 - 102000
Chugur 75 115 1997 2021 - 55200 35000 90200
Conchan 80 176 1995 2019 37736 53000 18000 108736
Atahualpa II 50 Wp 50 2002 2021 - - 37500 37500
(*) Transaction costs are included within the project costs (investment, grant or loan costs).
This assessment establishes the PV at 2003 of the past cash flows for investment, 
grants and loans. It calculates the PV of the past cash flows for revenues from the 
operation of the plant to 2003. It also accounts the PV of the future cash flows for 
revenues from 2003 to the end of the operation of each plant.
4.2.1 Abatement costs
The abatement cost Ca is calculated by adding the investment costs Cinv, grant G, 
loan payments Lp and transaction costs Ct, leading to the following:
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\Ca = C in v+ G + L p  + Ct (8)
The investment costs, Cinv, is the money invested by the owners of the energy 
plants. The grant, G, is money received with no interest rate or commitment to 
repay. The loan, Lp, is money provided for the project developers over a certain 
time at given interest rates. The administrative process of developing a project 
causes transaction costs, Ct, which in this case included in the previous costs. 
These parameters are assessed for each plant and are represented as their PV at 
2003.
The reason of using these three variables (investment costs, grant and loans) 
instead of only the total capital costs is to be able to consider the total costs of the 
loan as interest rates are paid. The three variables include the total capital 
investment made to carry out each project. For example, for Chalân MHP plant the 
total capital costs is US$ 82,783. The source for the capital costs came from a grant 
(US$ 9,000), a loan (US$ 19,218, 6%, 5 years) and the rest as investment from the 
local council.
In order to carry out a comparison with the baseline costs a fourth variable has to 
be included, the total annual costs or running costs of the plant, which includes 
operation and maintenance (O&M) costs and administration costs (Cann). The total 
abatement costs, TCa of each plant is then:
TCa = Cinv + G + Lp + Ct + Cann (9)
The revenue, R is another important variable which assess the profits made with 
the provision of the electricity service. It is the difference between annual benefits, 
Bann, and annual costs, Cann, of the energy plants. In this case, the revenues are 
calculated within the lifetime of the project and transferred to the PV at 2003. The 
annual benefit includes only the income from the energy service. The annual costs, 
Cann, include operation, maintenance and administration costs. The loan payments 
are not included here as they are counted in equation (8)
\R = Bahn — Cann (10)
A spreadsheet has been developed for the energy projects to assess the PV of the 
investment, grants, loans and revenues. Each parameter is calculated in a separate 
worksheet for a separate energy project. This procedure is described in section 11, 
Appendix-Abatement costs.
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4.2.2 Revenues costs
The revenues costs analysis is carried out for the eight energy projects. This 
calculation is carried out in two parts. The annual benefits and costs are required as 
equation 4 shows. The benefits are calculated from the average annual energy 
consumption per project and three different electricity rates. The average annual 
electricity used is taken from electricity meters available in three projects -Chalân, 
Chugur and Conchan- and from assumptions based on the activities and data on 
electricity use. Yumahual, El Tinte and Atahualpa projects run small workshops; 
Trinidad and Atahualpa SHS power basic electricity for households. The electricity 
fees applied are shown in the Table 4:
Table 4 Electricity rates applied for energy projects
Project Electricity rate Comments
Chalân, Chugur and 
Conchân MHP plants 
Atahualpa II SHS
0.2 soles/kWh This rate was established when the projects started 
and it is based on an economic study carried out by 
ITDG (1996c). Although, the SHS units installed at 
Atahualpa II do not pay any electricity fee, for this 
study the electricity rate assumed is 0.2 S/./kWh
Yumahual, El Tinte and 
Atahualpa 1
0.4 S/./kWh These projects are privately owned and not payment 
is made for the service. For this analysis the rate 
taken is based on the national grid electricity 
domestic rate (Electronorte 2002) for Cajamarca city. 
The rate is selected because the average annual 
electricity consumption of these projects is low in 
relation to the average household consumption in 
Cajamarca (2520-3600 kWh/hh/year)
Trinidad 20 S/./hh/month This is a privately owned energy plant, which 
provides 3 hours/day of electricity and charges a 
fixed monthly rate to users.
The annual costs are calculated from operational, maintenance and administration 
costs. For the operational costs, Yumahual, El Tinte and Trinidad MHP plants only 
have one operator each. Atahualpa, Chalân and Chugur plants have two operators; 
Conchân has two operators and no formal administrator. Table 5 illustrates the 
workforce for each plant.
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For the maintenance and administration costs of the MHP plants an average of 350 
soles/year and 105 soles/year respectively are assumed. In the case of the SHS, it 
is assumed US$10/year/hh, then 1,700 soles/year for 50 households.
Table 5 Workforce for the energy projects
Project Operators Administrator Comments
Atahualpa II SHS 0 0 As the users operate the SHS, no workforce 
is considered.
Yumahual and El 
Tinte MHP plants
1 0 The operators of these plants share the plant 
operation with other activities. Hence, 50% of
Atahualpa I MHP 2 0 their salary is assumed which is equivalent to 
175 S/./month. This is based on data 
gathered during the field-trip.
The plants are privately owned to power 
production activities. Administration costs are 
not considered because they are included 
within the business costs.
Trinidad MHP 1 1 Only one person is responsible for the 
operation and administration of the plant. 
This person is the owner of the project, he 
receives a total salary of 300 S/./month.
Chalân MHP 2 0 These plants run 24 hours/day, 2 operators
Chugur MHP 2 0 are needed for two shifts per day with a 
salary of 250 S/./month each. The local 
council owns the plants; it is assumed that 
the administration costs are included within 
the council costs.
Conchân MHP 2 1 This plant has an unique management 
system, a management committee is 
responsible for the plant, which runs 24 
hours/day, 2 operators and 1 administrator 
are needed with a salary of 360 S/./month 
each
After calculating the annual benefits and the annual costs, the annual revenue is 
the difference between the two. Two calculations are carried out to assess the net 
revenue over the lifetime of the projects. The first estimates the PV in the past of 
the annual revenue cash flow using the average Peruvian inflation rate as discount 
rate; this is calculated for each year before until 2003. The second calculation 
estimates the PV in the future of the annual cash flows assuming a constant cash 
flow as 2003.
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5. Results per energy project
This section presents the financial results for each project. It starts with the privately 
owned schemes, -Yumahual and Trinidad. The co-operative owned projects - 
Atahualpa I, El Tinte and Atahualpa II- are then discussed. Ending with the public 
initiatives -Conchan, Chugur and Chalân. For each project a general overview of 
the plant and its management model is presented. A discussion of the financial 
results for the baseline and abatement costs and revenues are given. Finally, a 
comparison the baseline and abatement costs is accounted with the concept of 
incremental costs.
5.1 Yumahual MHP plant
The MHP plant in Yumahual1 powers a broiler chicken farm and is privately owned. 
The initiative to incubate fertilised eggs was promoted as an across the board 
business strategy. This business aims to reduce costs by incorporating activities 
and/or processes. Thus severing the dependence on suppliers of broiler chickens 
from other regions of Peru. The closest supply city being located at 600 km away 
from Yumahual. The plant started its development in 1995 and finished in August 
1997. The investment in the MHP plant was US$ 34,200. Part was financed with a 
loan of US$ 30,000 and the owner contributed US$ 4,200.
The private investor manages the electricity plant and the broiler chicken farm. The 
two facilities count with one operator and the owner also supports the maintenance 
of the power plant. There are three main reasons for the success of this investment; 
there are no other stakeholders involved, the owner is an entrepreneur with 
experience making sound businesses in the area and the well-established 
communication with the developers. Adding to these facts, Yumahual plant is 
located only 40 km away from Cajamarca city. It is believe that the proximity of the 
location to the main city and also the developer’s site support the sustainability of 
the project.
1 The site is about 40 km away from Cajamarca city; a trip by car to the plant takes 1 hour (the road is 
paved).
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5.1.1 Energy expenditure
Two electricity sources scenarios are developed for the baseline costs of this 
project - a diesel generator and the national grid. If the first would have been used, 
the total baseline costs is US$ 538000 during 25 years and if the second would 
have been applied, the total baseline costs is US$ 182,000; see Table 6. Either cost 
is higher than the total abatement costs of the MHP plant during its 25 years of 
operation, which is US$ 58,000; see Table 7. At present, the electricity rate of the 
MHP plant is US$ 0.04/kWh; if the national grid would be supplying the service the 
fee is US$0.11/kWh.
5.1.2 Revenues
The total revenues of this project are US$ 106,000 in 25 years. Including the 
payment of the loan and assuming an income from the savings in not paying grid 
electricity at US$ 0.11/kWh. This project presents a PBP of seven years, a NPV of 
US$ 98,000 and an IRR of 12%. It can be said that the plant is financially feasible, 
see Table 9. Let’s note that the income generated by the business is not considered 
here, that factor would leave the project with higher returns.
The US$/tC02 unit of abatement show a price per tonne of US$ 41, considering 
emissions reductions from the regional grid electricity.
5.1.3 Incremental costs
Table 9 shows negative incremental costs for the diesel generator -baseline- in 
relation to the MHP technology -abatement. This demonstrates that Yumahual MHP 
plant is a financially feasible technology as it is cheaper than the baseline costs 
option. Incremental costs do not show that the abatement project is financially 
feasible only if the abatement project is better or worse than the baseline project.
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Table 6 NPV results of total baseline costs
Projects Cb(Eke) Cb(Eca) Cb(Ebc) Cb(mi) Cb(dg) Total baseline 
costs-Cb
Yumahual 2023 599 253 - 534756 537631; 182085 (*)
Trinidad 38501 11087 4551 14044 - 68182
Atahualpa I 209125 65113 2117 11106 535956 (**) 823417
El Tinte 2149 669 195 - 140019 143033
Atahualpa II 106510 40048 5161 2869 - 154588
Chalân 311757 116727 4839 7220 - 440544
Chugur 233537 93887 11324 - - 338748
Conchan 211042 14327 18147 - - 243516
(*) Assuming the national grid electricity instead of diesel generator.
(**) Based on a 30 kW diesel generator providing similar service than the MHP plant.
Table 7 NPV results of total abatement costs
Projects Abatement
costs-Ca
Running 
costs (*)- 
Cann
Total
abatement 
costs- TCa
Income
-Bann
Revenues 
without loan 
payment-R
Revenues 
with loan 
payment
Yumahual 42048 15953 58001 155525 139572 101369
Trinidad 18482 30149 48631 41044 10895 -4382
Atahualpa I 119451 114412 233863 485624 256735 256735
El Tinte 44976 16221 61197 24131 7911 -32124
Atahualpa II 44144 10013 54157 41315 31302 -2842
Chalân 90855 41627 132482 48946 7319 -20530
Chugur 95096 26235 121331 51759 25524 -19034
Conchân 110911 86511 197422 68616 -17896 -38869
(*) Includes the total annual costs in 25 years -20 year for SHS- considering O&M and administration costs. The 
loan repayments are not included in here because they are accounted in the abatement costs.
Table 8 NPV units of total abatement costs in US$/kWh and US$/tC02
Projects TCa Consumption 
kWh/year (*)
TCa
US$/kWh
Emissions reductions 
tCOa/year
Tea
us$/tco2
Yumahual 58001 65054 0.04 (**) 56.6 41
Trinidad 48631 7200 0.27 5.65 344
Atahualpa I 233863 144240 0.06 50.3 186
El Tinte 61197 9930 0.25 (**) 7.75 316
Atahualpa II 54157 2940 0.9 16.5 164
Chalân 132482 33000 0.16 54.25 98
Chugur 121331 40000 0.12 43.15 112
Conchân 197422 53200 0.15 14.75 535
(*) Assuming the electricity consumption rates of 2002, data was taken during field trip.
(**) These plants do not sell electricity. The benefits taken are the electricity savings that they do not pay. 
Considering the electricity rate for Cajamarca at US$ 0.11/kWh and annual consumption rates based on 2002 over 
25 years.
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Table 9 Summary of finance analysis
Projects NPV
US$
PBP
years
IRR
%
Total incremental costs- 
Cinc, US$
Yumahual 97524 7 12 -479053
Trinidad -7587 42 -7 -24382
Atahualpa I 137284 11 3 -589554
El Tinte -37065 142 -16 -81836
Atahualpa II -12844 28 -4 -100431
Chalân -83536 310 -22 -308062
Chugur -70465 93 -12 -174450
Conchân -148141 -71 No return in 25 
years
-46094
Table 10 Emissions reductions and load factors
Plant Capacity
kW
hh Emissions reductions 
tCOz/year (*)
Load factor 
(%)
Operation
year
Trinidad 5 22 6.2 84 1997
Yumahual 11 1 9.1 68 1997
El Tinte 14 1 7.7 39 1996
Chalân 25 94 53.3 64 1995
Atahualpa I 35 35 30.3 95 1992
Chugur 75 115 42.6 26 1997
Conchân 80 160 14.3 32 1995
Atahualpa II SHS 2.5 50 24.9 66 2002
(*) Taken from Solis et al. (2003) and from Chapter V GHG analysis.
5.2 Trinidad MHP plant
The MHP plant of 5kW of capacity in Trinidad supplies electricity for lighting and 
basic appliances in 22 households, 1 battery charging station, 1 milling service, 1 
small restaurant, 2 guest houses, 3 grocery shops, 4 bakery shops, 1 police station,
1 health service and 1 school. The small businesses and institutions only use the 
electricity for lighting. In the past, lighting was provided from kerosene lamps and 
candles; car batteries powered appliances and milling was also carried out in the 
next neighbour village of Tembladera2 using national grid electricity. The private
2 Tembladera is located about 50 km away from Cajamarca, but there is only one public bus service 
per day and the journey takes about 2 hours. It is important to mention that during the wet season 
(December to March) Trinidad village gets completely isolated and only can be reached walking or 
horse riding.
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owner of this MHP plant invested US$ 1,000, received a grant of US$ 2,500 and a 
loan to of US$ 12,000 (to be paid in 5 years at 6% annual interest at capital 
repayment). The plant started its operation in 1997. At present the national grid 
provides electricity for public lighting in Trinidad, there are plans to extend the 
electricity to the households by the end of 2004.
Trinidad is a privately owned plant, which was set up by a member of the 
community. He was interested in selling electricity and services such as battery 
charging to his neighbours. As such, the owner of this plant plays the role of 
administrator, operator and in many occasions of technician of the plant.
The plant provides electricity for five hours per day during the winter and for three 
hours per day during summer. A flat tariff of S/ 20/hh/month is paid for the service.
Training to operate the MHP plant was provided at the initial stage of its operation. 
However, as a result of unpaid loan instalments the owner of Trinidad has not been 
in contact with the developers for technical and administrative advice. These issues 
resulted in the owner having to solve technical problems without expert advice. In 
some occasions, the plant had to be shut for days. Furthermore, no provisions are 
made to deal with any high cost technical problems that might arise.
5.2.1 Energy expenditure
Table 6 illustrates that in Trinidad more than 50% of the total energy expenditure for 
the baseline cash flows corresponds to kerosene fuel, followed by milling, candles 
and battery charging.
At present, for the use of electricity service each household pays a flat fee of S/ 
20/month, which is equivalent to US$ 70/year/hh. The flat fee has not been updated 
since the plant started its operation, as the users would not agree to pay higher 
fees. This is about 40% less than the baseline annual costs of US$ 124/year/hh, 
considering 22 hh and 25 years. This fact makes the project attractive from the 
users’ point of view, but not the supplier’s.
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5.2.2 Revenues
From the investor point of view, the total revenue of this project within 25 years is 
US$ -4382, discounted at 2003. The annualised debt is US$ 175. The figure 
includes O&M costs, administration costs and loan repayments. The PBP shows 
that after 42 years initial investment of the project would be recovered, but the 
project lifetime is only 25. The results for NPV and IRR approach are negative, 
meaning that the investment of the plant would not be recovered, see Table 9.
This project is an example of the high development cost of small MHP projects -the 
larger the project, the lower the costs. The problem with this plant is that it is difficult 
to be certain of the electricity being produced. It lacks an electric meter -the meter 
broke in 2001 and has not been repaired since. This makes it hard to know clearly 
the minimum electricity rate to apply. For this study, it is assumed an annual 
consumption of 7.2 MWh. The assumption is based on the field trip data. The 
results establish a minimum electricity rate of 0.27 US$/kWh shown in Table 8. At 
present, a rate of about 0.21 US$/kWh is being applied -with a flat rate of S/ 
20/month.
The following are recommended as means of making this plant viable:
• To increase the flat rate according to the Peruvian inflation rate.
• To increase the energy service during the wet season, providing longer 
hours/day of electricity and charging more for that.
• To implement other services -though this action would be difficult to be 
organised.
At present (2004), the plant is in its eighth year of operation, if measures are taken 
now this project could succeed financially.
5.2.3 Incremental costs
Table 6 and 7 illustrate that the total baseline cash flows for 25 years are higher 
than the total abatement cash flows -US$ 68000 and US$ 49000 respectively. The 
MHP technology provides a better lighting service. Table 9 shows negative 
incremental costs for the typical rural lighting -baseline- in relation to the MHP 
technologies for lighting -abatement. Thus the MHP plant is a cheaper technology
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in Trinidad. The use of unit of incremental costs is not meaningful in this case as 
the values are negative.
5.3 Atahualpa I MHP plant
Atahualpa is a farming and industrial co-operative which is located in Porcon 
village, about 37 km from the city of Cajamarca. A car journey between the two 
takes one hour; at present the road is paved. One hundred and twenty families live 
in the site. These families are known as members of the co-operative. They live 
under the co-operative system3; free shelter and basic services -such as water and 
electricity- are available to them. The main characteristic of this co-operative is that 
they share the same religion, Evangelism. The members’ workforce pays for these 
services. Family members participate in the agro-industrial activities; men and 
women work in the various workshops and receive a salary. Now the co-operative 
has access to the basic services, such as a health centre and pre-, primary and 
secondary education centres. Communication is available through the use of a 
radio transmitter and the use of mobile phones has become very popular after the 
installation of an antenna in the site.
The electricity service is available through a 35 kW MHP plant operating since 
1992. The plant was installed to provide reliable and permanent energy to improve 
the development of a previously implemented agro-industrial activity. The hydro 
plant replaced a diesel generator. The electricity of the plant also powers 35 
households. The rest of households still use traditional fuels such as kerosene, 
candles and woodchips for lighting and cooking.
At present, the plant provides energy to 2 carpentry workshops, 1 welding 
workshop, 1 milk processing plant, 1 yoghurt plant, 1 cheese plant, 1 bakery 
workshop, 1 mill, 1 woodcraft workshop, 1 battery charging station; the MHP 
scheme also allows 3 restaurants, 2 guesthouses, 1 grocery shops, 1 administrative 
building, 1 health centre, 2 churches, 3 schools (only on special days) to have 
lighting and to use domestic appliances. The MHP plant was fully financed with
3 The cooperative system in Peru was introduced in the 1960s by a dictatorial ‘left wing’ government. 
At that time, several industrially orientated cooperatives were established all around the country. In the 
1980s, this system was not working well because of lack of management and leadership and in the 
late 1990s cooperatives collapsed. Atahualpa cooperative is one of few, which has survived.
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contributions from the Peru-Canada Countervalue Fund, ITDG and the Atahualpa 
co-operative; the total investment was US$ 102,000.
The Atahualpa co-operative owns this MHP plant together with the El Tinte MHP 
project and also manages the two schemes. Under the co-operative terms the 
users of the electricity do not pay fees as this cost is deducted directly from their 
labour. The 35 households consume only 10% of the electricity generated. The rest 
is used for production activities. Only one main electric meter is installed, which was 
not working during the visit to the plant. The power plant provides electricity to the 
production facilities during the day and to the households during the evenings. One 
operator is in charge of the plant. The co-operative management model lacks 
regulation, order and control; the administration of the plant is confused within the 
administration of the co-operative.
5.3.1 Energy expenditure
Before the MHP plant, a diesel generator powered some of the workshops and 
kerosene, candles and battery charging were used in the households. The total 
baseline costs is US$ 823,000, shown in Table 6, during 25 years. The total 
abatement costs of the MHP plant over 25 years is US$ 234,000, from Table 7. If 
the 35 householders would pay for the electricity, the rate to charge would be US$ 
0.06/kWh, see Table 8. The rate is based on the total abatement costs over 25 
years, assuming annual electricity consumption of 2003. The fee to charge would 
be much lower than the Cajamarca national grid of US$ 0.11/kWh. This project is a 
very good example of efficient utilisation of the energy available. It shows that it is 
possible to invest in MHP technology when the energy is used in service and 
production activities.
5.3.2 Revenues
If the electricity use were charged, the total revenues of this plant would be US$
257,000 in 25 years. Assuming that the income comes from the savings in not 
paying electricity at national grid rate of US$ 0.11/kWh or by selling electricity at 
equal price. It is also important to mention that no loan has to be repaid. Assuming 
there was a capital investment to carry out this project, the NPV would be US$
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137,000, the PBP would be 11 years and the IRR 3%, see Table 9. This shows that 
this plant is financially attractive from the investor point of view.
The US$/tC02 unit of abatement costs results show a price per tonne of US$ 186, 
based on emissions reductions from diesel consumption.
5.3.3 Incremental costs
Table 9 shows negative incremental costs for the diesel generator -baseline- in 
relation to the MHP technology -abatement. This demonstrates again that the MHP 
plant is the cheapest alternative. However, the incremental costs variable does not 
give an indication that it is financially feasible. It only shows that the abatement 
case is cheaper than the baseline technology.
5.4 Atahualpa II SHS
Atahualpa II SHS project is located in the Atahualpa industrial cooperative. It is a 
project of 50 units of SHS of 50 Wp4 of capacity per unit. Each unit is installed in 
one household; the users are also the owner of the units. The units cost US$ 750 
each, including the installation and technical service costs. A loan of US$ 37500 at 
10% in 3 years was provided for this project. The units started operating in January 
2002.
The users will own this set of SHS when the loan is repaid, so there is no power 
consumption charge. The project was made possible with the intervention of 
Atahualpa co-operative and ITDG-Peru. The users are responsible for the operation 
and maintenance of the SHS. They were trained to operate the solar panels, and 
also to employ appropriately the electricity. The developers are in charge of the 
technical advice when necessary.
5.4.1 Energy expenditure
Table 6 illustrates that about 70% of the total energy expenditure for the baseline 
cash flows corresponds to kerosene fuel, followed by candles, battery charging and
4 Wp, watt power.
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milling. At present, the average expenditure for electricity is US$ 54/hh/year 
considering the total abatement costs shown in Table 7, whereas previously the 
annual cash flow expenses for energy were US$ 154/hh. Both accounted for 50 hh 
over 20 years. These results shows that, even though the technology is expensive 
at US$ 0.9/kWh from Table 8, SHS is cheaper than the typical baseline source and 
the latter does not provide an equivalent service.
5.4.2 Revenues
If this project would been implemented for business purposes, the total discounted 
revenue within 20 years would be US$ -2,800. Including O&M costs, administration 
costs and loan repayments, from Table 7. The annualised total costs of this project 
are US$ 500/year -without the loan repayment. The income from the electricity 
service that could be provided is about US$ 2,000/year -considering a rate of US$ 
0.06/kWh, which is the average rate for MHP projects. This would offer a revenue of 
US$ 1,600/year, which could be used to pay partially the annual loan fee of US$ 
1,800. In order to make this project feasible, higher electricity rates would have to 
be applied.
Under the present circumstances, the PBP is 28 years and the NPV and IRR are 
negative -for an investment of US$ 44,144, and an annual cash flow of US$ 1,565 
in 20 years. Refer to Table 9. This shows again that the project is not commercially 
attractive from an investment point of view. At present, the MHP electricity rate 
applied is US$ 0.06/kWh; the minimum rate to apply in order to cover the total 
investment costs and running costs would be US$ 0.9/kWh.
The US$/tC02 unit of abatement costs demonstrates a very high prices of 
emissions reductions, more than 160 US$/tC02.
5.4.3 Incremental costs
Table 6 and 7 illustrate that the total baseline cash flows for 20 years are higher 
than the abatement cash flows. Table 9 shows negative incremental costs for the 
typical rural lighting -baseline- in relation to the SHS technology -abatement. Thus 
the SHS project is a cheaper option than typical sources of lighting. But not 
necessarily financially feasible as the NPV, PBP and IRR results show.
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5.5 El Tinte MHP plant
In 1996 El Tinte MHP plant started with 14 kW of capacity. As a result of technical 
problems the plant was not operating properly. Then, in 1999, a decision to change 
the type of turbine was taken. Now the plant powers 1 household and 1 milk 
processing plant together with a mill and a battery charging station.
The MHP was financed by the Atahualpa cooperative with US$ 5,000 and by ITDG 
with a loan for US$ 30,000 at 6.5%/year over 3 years. The El Tinte facility is located 
within Atahualpa cooperative territorial limits.
The El Tinte MHP plant belongs to the Atahualpa cooperative. Hence, it is managed 
under the same model as the Atahualpa I MHP plant.
5.5.1 Energy expenditure
Before the implementation of the MHP plant, a diesel generator provided the 
service for the milk cooling plant. The operator’s house used kerosene, candles and 
battery charging. The total baseline costs is US$ 143,000, shown in Table 6, during 
25 years. These costs are higher than the total abatement costs of the plant during 
25 years, US$ 61,000 - from Table 7. At present, the electricity rate of the MHP 
plant is US$ 0.25/kWh shown in Table 8. The unit costs of electricity using the 
diesel generator cannot be calculated because there are no records on energy 
consumption and the service provided was lower -as less machinery was used. 
However, if the national grid electricity supplied the service the rate would be US$ 
0.11/kWh.
5.5.2 Revenues
The total discounted revenue of this project is US$ -32,000 in 25 years. Including 
the loan payment, assuming that an income from the savings in not paying 
electricity at US$ 0.11/kWh or by selling the electricity at the same price. This 
project presents a PBP of more than hundred years, negative NPV and IRR at 
Table 9 shows. The plant is not financially attractive from the investor point of view. 
A way to boost this project would be by increasing -when possible- the income by 
providing other services and making the most of the electricity available -increasing
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the load factor. E.g. by expanding the milk production facilities. It is important to 
mention that the income generated by the business is not considered here, that 
factor would reduce the losses of the plant. The reason why it is not considered is 
because data was not available.
The US$/tC02 unit of abatement costs results show a price per tonne of US$ 316, 
this considering emissions reductions from diesel consumption, see Table 8.
5.5.3 Incremental costs
Table 9 shows negative incremental costs for the diesel generator -baseline- in 
relation to the MHP technology -abatement. This demonstrates again that the MHP 
plant is the cheapest alternative. However, this does not give an indication that it is 
financially feasible.
5.6 Conchân MHP plant
At present, Conchan has access to the basic services such as a health centre and 
pre-, primary and secondary education centres, together with potable water. A basic 
electricity service is also available through a MHP plant operating since 1995. The 
plant provides electricity mainly to 160 households. The local authority owns the 
plant.
The owner of this MHP plant invested US$ 37,736, received a grant of US$ 53,000 
and a loan to of US$ 18,000 to be re-paid over 3 years at 6% annual interest.
The management model implemented in Conchan MHP is a pilot model established 
by ITDG-Peru and it is known as Management Services for Isolated Power Systems 
(Sanchez et al. 2001). Within this model, the local authority of Conchan contracts a 
service company to take charge of the O&M and administration -including fees 
collection- of the plant. This service company is a private institution, which operates 
under a specific five years legally binding contract. In order to win the contract, it 
has to pass through a public biding process. The proposals for contracting are 
evaluated by the local authority, a representative of the community and ITDG-Peru. 
One of the main requirements is to be a local institution.
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5.6.1 Energy expenditure
Table 6 illustrates that more than 85% of the total energy expenditure for the 
baseline cash flows corresponds to kerosene fuel, followed by battery charging and 
candles. At 2003 values, the average expenditure for the electricity is US$ 
20/hh/year -at US$0.06 /kWh, 160 hh, 53200 kWh/year, see Table 4 for rates. 
Before the annual cash flows expenses for energy were US$ 55/hh as Table 6 
shows.
5.6.2 Revenues
For the Conchân local authority, the owners of the plant, the total revenue of this 
project within 25 years is US$ -39,000. Including loan repayments, O&M and 
administration costs. The annualised total costs of this project are US$ 4,300, the 
annual income from the electricity service provides about US$ 2,700. This leaves 
the council with an annual debt of US$ 1,600, which is absorbed by the local 
government.
The PBP, NPV and IRR financial indicators cannot be applied here. At present, the 
electricity rate is US$ 0.06/kWh and the minimum sum to cover the total investment 
and running costs would be US$ 0.15/kWh. This fee could be reduced if the energy 
consumption increases.
In order to avoid losses for the remaining operating years of the plant, it would be 
appropriate to increase the electricity rate and implement commercial rates -for the 
workshops and small businesses that pay electricity at a common same price. This 
project has installed electric meters for almost all the costumers. This fact makes 
easier the administration and charging of the service.
The US$/tC02 unit of abatement costs results demonstrate a very high price per 
tone of emissions reductions which is greater than 500 US$/tC02. This is due to the 
low fuel consumption for the baseline case, as it is an isolated and poor community 
with few production activities.
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5.6.3 Incremental Costs
Table 6 and 7 illustrate that the total baseline cash flows for 25 years are higher 
than the abatement cash flows. Table 9 shows negative incremental costs for the 
typical rural lighting -baseline- in relation to the MHP technologies for lighting — 
abatement. Thus the MHP plant is cheaper than typical alternative sources of 
lighting.
5.7 Chugur MHP plant
Chugur has access to the basic services such as a health centre, pre-, primary, 
secondary education centres, potable water and a short wave radio. A basic 
electricity service is also available through a MHP plant -75 kW- operating since 
1997. The plant provides electricity mainly to 115 households. The local authority 
owns this plant.
The local authority received a grant of US$ 55,200 and a loan to of US$ 35,000, to 
be re-paid in 5 years at 6% annual interest.
The local authority owns Chugur MHP plant, which was developed in co-ordination 
with the Regional Authorities -North Oriental Region of the Maranôn-RENOM- and 
ITDG (ITDG 1998).
5.7.1 Energy expenditure
Table 6 illustrates that about 70% of the total energy expenditure for the baseline 
cash flows corresponds to kerosene fuel, followed by candles and battery charging. 
At present, the average annual expenditure for the electricity is US$ 21/hh at 
US$0.06 /kWh, 160 hh, 40000 kWh/year, see Table 4 for rates. Previously the 
annual cash flows for energy were US$ 118/hh, see Table 6.
5.7.2 Revenues
For Chugur local authority, the owners of the plant, the total revenue (real or 
discounted) of this project within 25 years is, US$ -20,000. This including loan 
repayments, O&M and administration costs. The total costs of this project are US$
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2,900/year without the loan repayment. The income from the electricity service 
provided is about US$ 2,000/year. This leaves the council with a debt of US$ 
900/year.
As the PBP is more than 90 years and the NPV and IRR are negative, this plant is 
not commercially attractive from an investment point of view. At present, the 
electricity rate is US$ 0.06/kWh and the minimum fee to apply to cover the 
investment and running costs would be US$ 0.12/kWh. To sustain the plant for the 
remaining operating years, it would be appropriate to increase the electricity rate 
and to implement commercial rates -for the workshops and small businesses.
Table 8 shows the unit of abatement costs demonstrating a very high price of 
emissions reductions for Chugur plant. This is greater than 110 US$/tC02.
5.7.3 Incremental costs
Table 6 and 7 illustrate that the total baseline cash flows for 25 years are higher 
than the abatement cash flows. Table 9 shows negative incremental costs for the 
typical rural lighting -baseline- in relation to the MHP technologies for lighting -  
abatement. Thus the MHP plant is a cheaper option than typical sources of lighting, 
but not necessarily financially feasible as the NPV, PBP and IRR result show.
5.8 Chalân MHP plant
The MHP plant in Chalân supplies electricity for lighting and basic appliances in 94 
households, 2 small restaurants, 2 guesthouses, 5 grocery shops, the town hall, the 
health centre, the church, the police station, 3 schools, 3 bakeries, 2 carpentry 
workshops, 1 welding workshop, 1 appliance repair workshop, 3 mills, 1 dental 
practice and 1 battery charging service. Before the introduction of the MHP plant 
lighting was provided by burning kerosene and candles; appliances were powered 
by old car batteries charged in the next neighbour town of Celendin5; and milling 
was also carried out in Celendin. The owner of this MHP plant, the Chalân local 
authority, invested US$ 54,600, received a grant of US$ 9,000 and a loan to of US$
5 Celendin is about 150 km from Chalân (4-5 hours by car), there is only one bus service per day and 
the road is in a very poor condition.
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19,000 -to be paid in 5 years at 6% annual interest. The plant started its operation 
in 1995.
The Chalân local authority owns this plant; during the first years of its operation the 
MHP plant was established under the management of a community committee. This 
committee was created to manage the electricity service and other related services 
that might develop based on the electricity supply from the power plant. It consisted 
of five people who were not involved in the local government; the committee 
represented the community. Its main duties were to administrate, operate and 
maintain the plant. For that, an administrator and two operators were trained. The 
council and the committee established the electricity fee. The idea here was to 
involve the local community in the management of the plant. In this way, local 
understanding of the new system and the development of local capacity were 
possible.
The committee had no legal status and could not access to credit system. It had to 
work through the Chalân Council. In 2000, following to a change of national 
government, Chalân authority replaced the duties of the community committee. 
Until 2003, the plant was totally managed by the local authority.
5.8.1 Energy expenditure
Table 6 illustrates that more than 70% of the baseline cash flows corresponds to 
kerosene, followed by candles, milling and battery charging. At present, the 
average expenditure for the electricity is US$ 21/hh/year -at SI 0.2/kWh, 94 hh, 
33000 kWh/year- see Table 4 for rates. Before the annual cash flows were US$ 
187/hh/year.
5.8.2 Revenues
For Chalân local authority, the owners of the plant, the total revenue of this project 
within 25 years is US$ -20,500. Including loan repayment, O&M and administration 
costs. The total cost of this project is US$ 2,800/year, the income from the 
electricity service provides about US$ 2,000/year. Leaving the council with a debt of 
US$ 800/year, which is absorbed by the local government. The high PBP and the 
negative NPV and IRR also show that this plant is not commercially attractive from
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the investor point of view. At present, the electricity rate is US$ 0.06/kWh and the 
minimum fee to cover the total investment and running costs would be US$ 
0.16/kWh. To avoid losses for the remaining 16 years of the plant it would be 
necessary to increase the service fee and to charge commercial rates to the 
workshops and small businesses.
Table 8 shows that the unit of abatement costs are greater than 90 US$/tC02.
5.8.3 Incremental costs
Table 6 and 7 illustrate that the total baseline cash flows for 25 years are higher 
than the abatement cash flows. Table 9 shows negative incremental costs for the 
typical rural lighting -baseline- in relation to the MHP technologies for lighting -  
abatement. Thus the MHP plant is a cheaper option in Chalân than typical sources 
of electricity.
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6. Lessons learned from energy projects
6.1 Yumahual MHP plant
6.1.1 Private ownership and production facilities
Analysis of the Yumahual MHP plant shows that this type of project can be 
economically sound when energy is used for production facilities. The good 
performance of this plant is also due to its high load factor, >60% from Table 10. 
The management model of this plant is straight forward as there are not many 
stakeholders involved. Hence, this project presents three important factors to 
determine its success; the utilisation of the electricity, a high load factor and a 
simple management model.
However, the plant does not have a direct effect on the community, it gives an 
indirect effect by creating employment for one person and by providing new food 
type services that are not reachable locally. Without such business the community 
would have to pay high prices on chickens and would continue to be dependent on 
non-local markets.
6.1.2 Small energy plants promote entrepreneurship
This is a successful example of the benefits of small energy systems. The idea to 
incubate fertilised eggs was developed as an innovative business strategy focused 
on reducing costs by including activities and processes which would help to reduce 
dependency on supplier of broiler chicks.
The promotion of similar types of small-scale enterprises in the rural Cajamarca 
region is a difficult challenge. It requires a change in behaviour and cultural 
patterns, as this area primarily produces consumer goods -farm products. 
Alternative sources of productivity are required to be explored by the local farmers 
in order to create new markets; hence to improve economic conditions. But these 
changes need preparation, education, and awareness and well-developed 
promotional programmes.
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6.2 Trinidad MHP plant
6.2.1 Users unwilling to increase electricity fee
That users are unwilling to increase the electricity fee is the main problem affecting 
the financial performance of this plant. This attitude is based in the fact that the 
users think the service is not totally reliable due to the technical problems that 
forced the plant to be shut. The issue here is the lack of awareness and education 
of how the electricity system works. Users would need to understand that the 
system installed needs people and resources to take care of it. Furthermore, the 
plant operation and success depend on its income, it will fail and not be replaced if 
the economics are not turned around.
A structured and objective training programme directed at new users would be 
applied before the operation of the plant. This training programme should have the 
objective to make users aware of the qualities, advantages and cost implication of 
the electricity service. A comparison with the baseline sources of energy should 
also be provided. This will allow users to understand the advantages and actions 
needed to keep the installed systems running. It is important to put across that the 
costs of the MHP plant is subject to the number of users and to the O&M costs. The 
last parameter could increase along with time.
6.2.2 High capital costs of small projects and difficulty to recover loan
This shows that small projects can be expensive for private owners. In general, it is 
known that the smaller the MHP plant is the higher capital costs, expressed as 
US$/kW are. In these terms, small plants usually have higher capital costs than 
large plants, see Figure 4, Abatement Costs-US$/kW. Especially when the source 
of funding for these plants comes from the investor. Aware of this fact, the 
developers arranged to subsidise 16% of the capital costs, see Table 3 Funding 
sources. The annual loan payment is US$ 2800. Refer to section 11.1.3. 
Considering that the plant serves 22 hh at 8/ 20/hh/month. The annual income from 
the electricity service is US$1500 at 2003 prices -without considering O&M and 
administration costs. This analysis shows that it would have been impossible to 
cover the loan payments. Even with a 16% subsidised project. It seems that here
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the project developers and owner of the plant completely missed the financial 
implications of the investment. Unless a detailed finance evaluation of the project is 
carried out, similar types of projects would not succeed.
This MHP plant will not continue to provide electricity to the community of Trinidad, 
because of connection to the Peruvian grid. It seems that there are be two options 
available. Firstly, a possible production activity that can use the electricity of the 
plant could be investigated. However, this task will require financial investment, 
institutional support and possibly community involvement to create the funding 
opportunities. Secondly, to shut the plant operation and to repay part of the loan 
with the residual value of the equipment such as the turbine or the generator could 
also be an alternative. The remaining plant equipment could be apply to install a 
new plant in other community without access to electricity.
6.2.3 Owner unwilling to re-pay loan and technical problems
It seems that because of financial reasons -the unpaid loan instalments- the owner 
of the plant has not allowed interaction with the developers. This situation has taken 
the project to a very difficult stage in which technical problems and management 
difficulties have arisen. The location of Trinidad village, eight hours away from the 
developers’ main offices, also has made this interaction more complicated.
In order to avoid similar cases, it is necessary to set up a commitment between the 
developers and owners of the plant. A form of support plan could be established 
from the developer’s side during the first operational stage. It is at this crucial stage 
when support to manage and operate the plant is most needed. The cost 
implication of this plan should also be part of the capital costs of any project to 
ensure that will happen.
6.3 Atahualpa I MHP plant
6.3.1 Co-operative ownership
The management of the MHP plant co-operative appears confused because it is 
part of the co-operative administration. This is demonstrated by: the fact that users
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do not pay for the electricity service and the lack of electricity consumption metering 
for the workshops and households. Other than through informed assumptions, there 
is no way to establish the energy consumption and the income that the provision of 
energy could bring and, hence, the financial performance of the plant. The fact that 
the Atahualpa I MHP scheme benefited with a complete grant for its development 
could be linked with this unclear administration process. As the owner, the co­
operative, does not have to re-pay a loan, it seems that the financial performance of 
the plant is not the main concern for the owner. However, when the plant finishes 
operating provisions would have to be taken care to arrange for the implementation 
of a new electricity system.
6.3.2 Market driven community
Although the administration of the energy scheme is not very well organised, the 
end use of the electricity in this plant is remarkable. This use focuses on production 
and services. There are a number of workshops -carpentry, milk processing, 
crafting and knitting- administration buildings, guesthouses, small shops and 
restaurants. The workshops produce furniture, diary products and local craft. This 
diverse production is commercialised in the region of Cajamarca and it is taken to 
the closer major cities -such as Chiclayo, Trujillo and Lima. At the same time, the 
co-operative serves as a tourist park, which receives hundreds of visitors during the 
summer. These visitors enjoy the local accommodation and restaurant services.
The creation of new markets and businesses to promote new products is based in 
the type of management structure, which focuses on developing diverse enterprises 
by receiving advice and funding from national and international institutions.
6.4 Atahualpa II SHS
6.4.1 High capital costs and willingness to invest
The development of SHS technology is seen to be still expensive in Peru. If an 
electricity fee would have to be charged, the minimum amount would be about US$ 
0.9/kWh. The capital costs of SHS in Cajamarca are about US$ 18,000/kW. This 
figure represents six times the average capital costs of MHP in Cajamarca -US$
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2,900- see Figure 4. However, the villagers of Atahualpa co-operative are willing to 
invest in this technology because there is a financial mechanism to obtain a loan. A 
loan for US$ 750 was made to fifty villagers, to be repaid in 3 years at 10% interest 
rates. A six-monthly payment of US$ 150 per villager was established. This amount 
represents ~ 30% of the villagers annual income -an average of annual income of 
US$ 1000. This is still a high investment, though for the villagers to access 
electricity is very important.
6.4.2 Contentment of the service
Each SHS powers three 11 W energy efficient bulbs -which were part of the 
system-, black and white TV and radio. The access to light gives children the 
chance to study in the evenings, watch TV and listen to the news. This technology 
is very welcome and is considered very important for them. The access to electricity 
and its use connects the villagers to the outside world. Considering that this group 
of households are isolated to each other -walking about 3 km from the next 
neighbour. Chapter 5 Sustainable development assessment discusses the users’ 
views of the technology.
6.4.3 Technology input
The implementation of this solar programme took about two years from the project 
idea to its operational stage. This development also involved training in solar 
technology for the users. Until now -March 2004- the systems are working fine, 
without major technical problems (Sanchez 2004). However, it is still in its early 
stage of operation -two years- and it is too early to conclude that technical problems 
are not going to appear. This scheme proves the feasibility of introducing this 
technology in remote areas of the Peruvian highlands.
For some large PV programmes, theft and vandalism is a serious problem. For 
instance, about 10% of the 6000 systems installed by the Shell-Eskom concession 
in South Africa so far have been stolen (Horlocks 2003). The issue of theft is not a 
problem for this project as the households are situated within the limits of the 
Atahualpa co-operative, which is a private land.
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6.5 El Tinte MHP plant
6.5.1 Cooperative ownership
Under the cooperative management, no specific administration process has been 
put in place for this project. The finance of the plant is mixed with the entire 
cooperative activities. The only clear fact with this project is that it has one operator 
who is also the operator of the milk plant and who is in charge of the maintenance 
of the plant.
6.5.2 Poor plant performance
El Tinte project has had technical problems since its operation started. An error in 
the initial plant specifications -design of a large turbine- has not allowed the plant to 
operate well. A new turbine was installed in 1999 and since then the technical 
problems have reduced. A diesel generator of 12 kW powered the milk facility prior 
to the installation of the MHP plant, in 1996. This generator is kept as a standby 
source.
El Tinte MHP plant presents a low load factor, <40%, from Table 10. This scheme 
powers only the milk facility and the operator’s household. The milk facility uses 
electricity 14 hours/day and the household only uses energy in the evenings. A way 
to make the most of the energy would be by increasing the number of users -but as 
the plant is located in an isolated area this option could be expensive to apply. A 
second alternative would be to increase the operations of the milk facilities or to 
introduce new production activities in the same site.
6.6 Conchân MHP plant
6.6.1 Public ownership and unprofitable projects
In this project case, the management model implemented allows transparency in 
the administration of the plant. However, the financial analysis shows that the local 
government is still absorbing US$ 1,600/year. This is due to two reasons; low 
electricity rate at US$ 0.06/kWh and the number of people employed -three- to run
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the plant. A minimum average rate to apply is US$ 0.15/kWh to cover the O&M, 
administration and loan costs. Within this study, this project presents the highest 
number of people directly running a MHP plant. It can be argued that the number of 
employees can be reduced. However, the fact that there is a full time administrator, 
who is in charge in the day to day running of the plant and who cares of keeping the 
plant at its best, provides a type of security for the long-term existence of the 
project. As mentioned, it also enhances trust and transparency about how the plant 
is managed.
6.6.2 Management services for isolated power systems
The type of plant management is a positive example because there is transparency, 
trust and order. The involvement of the local stakeholders -community and council- 
in selecting this service plays a very important role. However, the finance analysis 
shows that the council is assuming an annual debt from the power system. Hence, 
there is not the drive for recovering the capital costs of the project as the local 
authority assumes part of the loan responsibility.
Within the context of a government owned project, using management services that 
are independent of the political preferences of the local council allows better project 
performance and builds local capacities. The better performance is shown in the 
order of the administration process and in how the plants are kept maintained. 
Capacity building is a key element in the structure of these management services. 
In the case of Conchân, the developers support the establishment of the local 
management service by providing advice and training. The management service 
originates locally and directs the scheme for a period of five years. These 
conditions will allow the creation of new capacities within the community. However, 
an important consideration is that the local authority, as the owner of the scheme, 
has the legal rights for changing the type of management of the project. Under non­
conflicting circumstances this type of management seems a sustained way to 
administrate these types of energy systems owned by public entities.
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6.6.3 Poor plant performance
In general, this plant has been performing well on the technical side. This is due to 
two main advantages; water availability throughout the year and a full time 
structured management personnel. Furthermore, it has installed electric meters for 
each user and these meters allow better plant control and administration. Although 
the management allows good technical performance, Conchân MHP plant presents 
a low load factor -less than 32%, see Table 10. There is clear surplus availability of 
energy for other households. However, because of political and financial reasons it 
has not been possible to expand the electricity grid to other villagers on the 
outskirts of the town. The villagers without electricity believe that the council has the 
responsibility to pay for the installation of the electricity lines -this fee can be up to 
US$ 150, sums that means a lot for US$ 300-1,800 annual income households 
(Escobar et al. 1999). On the other hand, the council states that they do no have 
any responsibility what so ever and that all the users should pay the installation 
fees. No agreement can be reached and the electricity supply has been under-used 
during these years.
A way to solve this polemic is by funding the electricity lines for new users; this fund 
could be recovered from the electricity service through a type of small loan. This 
activity needs to be applied by the council or the plant management committee.
Furthermore, the scheme would need to increase its electricity price and it would 
need to apply commercial rates for the small businesses in order to remain as a 
sustainable project. Promoting and creating production activities should also be a 
key task, as there is energy available. Assuming the plant operates 12 hours/day, 
about 292400 kWh/year of electricity extra could be available. However, this task is 
very complex, the initiation of any production activity requires the explorationjDf a 
possible market, business drive and new technologies. In general, Andean 
communities are focused on working the land and farming animals for mainly their 
own consumption and possible commercialization. A change of activities for the 
villagers would require a long and organized process, which would need a long­
term support from outsiders. This support can be in terms of training to new 
technologies and to business mind-set.
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6.7 Chugur MHP plant
6.7.1 Public ownership and unprofitable projects
The case of Chugur is another example of local authorities owning and managing 
MHP schemes. The Chugur local authority is assuming an annual debt of more 
than US$ 900. This project is one of three schemes having installed electric meters. 
Electric meters allow better administration of the service. However, the electricity 
fee is half of the optimum chargeable price, US$ 0.06/kWh and US$ 0.12/kWh 
respectively. If measures to increase income from the electricity are not taken soon, 
the sustainability or the continuous operation of the plant is at risk. The issue with 
publicly owned schemes seems to be that they lack a sense of attachment and 
commitment with the management of the energy plants. The reason is that these 
schemes require a long-term commitment. In contrary, local authorities govern for 
short periods, only four years. The continuity of the management structure is very 
difficult. Appropriate rules need to be implemented to deal with this type of 
ownership. E.g. the active intervention of the community in the decision making 
process of the management of the plant is required and the replication of a similar 
management service to Conchân.
6.7.2 Poor plant performance
Chugur has a 75 kW MHP plant, which only operates at < 26% of load factor, see 
Table 10. Increased electricity consumption is required to use the maximum 
potential of the plant. However, as in other communities, extending the electricity 
service requires financial inputs from the possible users or owners of the plant. This 
is a difficult argument to resolve as both parts state that they are not responsible for 
up-front costs. Hence, the introduction of different sources of funding to expand the 
service is needed. At the same time, using the electricity for production facilities 
also requires building new local capacities that will allow creating new markets. 
Now, Chugur is a town well known for producing dairy products. These products are 
commercialized in the city of Cajamarca and in other regions on the Peruvian cost. 
However, local farmers are not prepared and do not have the financial means to 
undertake additional activities. Therefore, motivation, organization and leadership 
are needed within this community to establish new production sites.
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6.8 Chalân MHP plant
6.8.1 Public management and unwillingness to increase service fee
The fact that the local government owns the project does not mean that it should 
not be financially self-sustainable. The local authority faces a difficult position 
regarding the implementation of a higher electricity rate since the users do not 
agree. Hence, the local authority pays the costs of O&M and administration. The 
problem in this project is a result of social and political circumstances. The 
community believes that the government -represented by Chalân authority - should 
provide the financial resources for the electricity services. On the other hand, the 
local authority does not count with the financial resources available and it seems 
not very interested in the sustainability of the plant.
In order for the plant to cover its basic costs, a minimum fee of US$ 0.16/kWh is 
necessary. A progressive and structured plan to achieve this rate is necessary. For 
example, if an increment of 30% were applied every six months, about 24 months 
would be needed to reach the rate of US$ 0.17/kWh. This would represent a rise of 
a monthly payment from US$ 2.1/hh to US$ 4.7/hh. Assuming an average 
consumption of 28 kWh/hh/month. Then, an inflation rate increment should continue 
to be applied. As already noted, another measure to consider is charging 
commercial rates to the small businesses of the village.
Measures need to be taken now as the plant has potential to become self- 
sustainable because it is only in its 9th year of operation. The 16 years remaining 
could still make financial sense if the system is well maintained and managed.
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7. Discussion of results across projects
This section presents the discussion of the financial assessment results across the 
eight projects studied. Firstly, the baseline and abatement costs results for each 
project are discussed. This follows a comparison of abatement and baseline costs. 
Finally, a discussion of the sensitivity analysis is given.
7.1 Baseline costs results
7.1.1 Baseline costs in US$/project
This section explains the total baseline costs accounted in each community where 
MHP plants and SHS operate. The baseline sources were used in the past for 
lighting and to power appliances, small workshops, grocery shops and public 
buildings. The associated costs include diesel generators, milling and battery 
charging, candles and kerosene lamps. They are assessed over a period of 25 
years -for the communities operating MHP plants that are Trinidad, Yumahual6, El 
Tinte, Chalân, Atahualpa I, Chugur and Conchân- and 20 years -for the community 
operating SHS, Atahualpa II.
From Figure 1 can be seen that the total baseline costs for the MHP schemes 
range from US$ 68,000 to 823,000; for Atahualpa II US$ 155,000.
The results show that for five out of eight communities -Trinidad, Chalân, Chugur, 
Conchân and Atahualpa II- the kerosene dominate the baseline costs, representing 
more than 56% of the total. This is because kerosene is the main fuel for lighting in 
these communities. For Trinidad, Chalân, Chugur, Conchân and Atahualpa II 
villages, the baseline costs for candles represent 16%, 26%, 27%, 6% and 26% 
respectively. For the same projects, battery charging costs are 6%, 1%, 3%, 7% 
and 3%. Milling being included only in Trinidad, Chalân and Atahualpa II villages, 
amounting to 20%, 1% and 1% of the totals. Chugur and Conchân towns produce 
too little agricultural grain for the use milling facilities.
6 Yumahual, El Tinte and Atahualpa I are communities that used diesel generators to power small- 
scale workshops and only a minimum part of the energy consumed for household lighting.
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In the case of the Atahualpa I, kerosene represent 25% of the total baseline costs 
because this community operated a diesel generator to power households for 
lighting and to run small workshops. Candles, milling and battery charging count for 
less than 10% of the total baseline costs. For Atahualpa I village the main costs are 
dominated by the diesel generator costs at 65% or US$ 536,000. The same 
situation occurs to Yumahual and El Tinte communities, where diesel generator 
costs account for more than 99% and 98% respectively. For Yumahual, the use of a 
diesel generator of 15 kW is assumed as a baseline because the location of the 
project did not exist before. The assumption is based on the actual MHP plant use - 
only powers a small chicken factory. In the case of El Tinte, a diesel generator of 15 
kW operated only to power a workshop to cool milk. Although the capacity of the 
diesel generators for Yumahual and El Tinte are the same, 15 kW, the baseline 
costs for Yumahual -US$ 535,000- in 25 years is higher than for El Tinte -US$ 
143,000. This is because Yumahual’s diesel generator has a higher load factor than 
El Tinte’s diesel generator. Hence, greater diesel fuel was burnt in Yumahual. 
Minimum costs on candles, battery charging and kerosene lamp is presented as 
only one household in each village is counted.
Figure 1 Baseline costs for rural technologies
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From this analysis it can be concluded that for the communities that applied typical 
fuel for lighting -or communities not using diesel generators- kerosene counts for 
the greater percentage with >56%. For the communities that used diesel generators 
for small workshops and for lighting, the costs account >65% in the cases where 
households are involved -Atahualpa I. However, for Yumahual and El Tinte -which 
are production facilities- the baseline costs account >98%.
A direct comparison of baseline costs between communities is not sensible 
because each community differs in the number of households. The following sub­
section below evaluates the baseline costs in relation to the number of households.
7.1.2 Baseline costs in US$/hh
This section focuses on the analysis of the total baseline costs per household 
during 25 and 20 years in communities with MHP plants and SHS respectively. The 
discussion is restricted to energy expenditure for households in the communities of 
Trinidad, Chalân, Chugur, Conchân and Atahualpa II. Yumahual, El Tinte and 
Atahualpa I are not included here because they are mainly production projects.
Figure 2 shows that Chalân spent the greater amount, 4,700 US$/hh, on baseline 
sources during 25 years. Followed by Atahualpa II SHS with 3,100 US$/hh, Chugur 
with 2,900 US$/hh, Trinidad with 2,500 US$/hh and Conchân with 1,400 US$/hh. 
These results reflect the economic level of these communities; the fuel costs is also 
subject to availability and people’s behaviour in using fuels. For example, Conchân 
is ranked as a village of extreme poverty within Peru. It is located about 10 hours 
away from the city of Cajamarca. This situation establishes high fuel prices and 
because of poor road conditions, the access to kerosene fuel is difficult.
From these results, it can be said that in Cajamarca region, the average baseline 
costs per fuel is 110, 690 and 2,100 US$/hh for battery charging, candles and 
kerosene respectively. The combined average being 2,900 US$/hh in 25 or 20 
years, this is equivalent to 120 US$/hh/year. If the national grid had provided 
electricity to these communities and if the average consumption were 30 
kWh/month, a total of 1,000 US$/hh would be spent during the same lifetime. 
Assuming a electricity rate of 0.38 soles/kWh. This comparison illustrates how 
baseline lighting technologies in rural areas of Peru can be more expensive than 
other sources of power.
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Figure 2 Baseline costs unit for rural technologies
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7.2 Abatement costs results
• Abatement costs in US$/project
This section looks at the abatement costs of eight energy projects in Cajamarca 
during 25 or 20 years of operation for MHP plants and SHS respectively. The total 
abatement costs for the eight projects range between 18,500 -  119,000 
US$/project, shown in Figure 3. The total abatement costs for the seven MHP 
plants are as follows; Trinidad 18,500 US$; Yumahual, 42,000 US$; El Tinte,
45,000 US$, Chalan, 90,900 US$, Atahualpa I, 119,500 US$, Chugur, 95,100 US$ 
and Conchân, 111,000 US$. The total abatement costs for Atahualpa II SHS is 
44,100 US$. It can be seen that the smallest
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MHP plant (in capacity), Trinidad -5 kW-, gives the lowest abatement costs though 
the largest plant, Conchân -80 kW- does not gives the highest abatement costs. 
Atahualpa -35 kW- gives the later. Hence the size of a plant does not always 
provide a proportional abatement cost figure. This is because the abatement costs 
depend on the year when the plant was installed, as the technology matures the 
prices reduce and on the fixed costs such as transport of the machinery which is 
subject to the location of the village.
Figure 3 Abatement costs for MHP and SHS technologies
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7.2.1 Abatement costs and source of funding
Figure 3 summarises the projects’ costs and the breakdown for the funding 
sources. The majority of the projects received funding primary from loans, grants 
and private or public investments. In particular, for Trinidad, Yumahual and El Tinte, 
more than 80% of the total funding came from loans. Trinidad also received about 
12% and 5% of funding from a grant and from the owner investment. Yumahual and 
El Tinte owners funded their projects with 9% and 11% of the total respectively. In 
the case of Chalan, more than 59% of the total funding came from the owners
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(public) investments, about 31% from a loan and the rest from a grant. Atahualpa I 
MHP plant received its funding entirely from a grant. Chugur and Conchân received 
nearly 50% of the funding from grants. Chugur funded the rest of the project’s costs 
with a loan. And Conchân funded the project with 33% from (public) investment and 
18% from a grant. Finally, Atahualpa II SHS was fully funded by a loan. This 
comparison shows that for the three local authority owned projects more than 30% 
of the funding came from grants. For the private and cooperative owned plants only 
one (Trinidad MHP plant) out of five projects received a significant part, 12%, of the 
project costs from a grant. This shows that there is little financial incentive to 
undertake these types of energy projects for non-governmental institutions.
7.2.2 Abatement costs in US$/kW
Another way of comparing the abatement costs for each project is by using the 
US$/kW of installed unit. Figure 4 presents the total abatement costs for the eight 
projects using US$/kW unit. This shows that the lowest MHP plant abatement costs 
per unit of capacity are for Chugur -75 kW with 1,300 US$/kW and Conchân -80 
kW- with 1,400 US$/kW. In overall, the larger the plant the lower the abatement 
costs. In the case of Atahualpa II SHS -2.5 kW-, the abatement costs is as high as 
17,700 US$/kW, suggesting that solar is still an expensive technology to apply.
On the contrary, the smallest MHP projects present the highest abatement costs: 
Yumahual -11 kW- with 3,800 US$/kW, Trinidad -5 kW- with 4,000 US$/kW, Chalân 
-25 kW- with 3,600 US$/kW, Atahualpa I-35 kW- with 3,400 US$/kW and finally El 
Tinte -14 kW- with 3,200 US$/kW.
7.2.3 Abatement costs in US$/kWh
Total abatement costs presented in terms of US$/kWh, when the energy 
consumption is taken into account, presents a quite different picture, as can be 
seen in Figure 4. Yumahual -11 kW- and Atahualpa I -35 kW- give the lowest 
figures in these terms with 0.6 and 0.8 US$/kWh respectively. These costs do not 
include the total running costs of the plant. The reason why these two privately 
owned projects provide the lowest costs is because these plants power small-scale 
production facilities. Hence these projects make better use of the generating
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capacity -i.e. they have high load factors, 68% and 95% for Yumahual and 
Atahualpa respectively-. Table 11 lists the projects details together with the load 
factor and emissions reductions. In the case of Trinidad -5 kW- with 1.5 US$/kWh of 
abatement costs, maximum use is made of the capacity available. This plant is 
privately owned and that seems to encourage the effective use of the power 
available. The plant provides energy for lighting to 22 households and also has a 
battery charging facility. Its load factor is high, at 84%. In contrast, Conchân -80 
kW- provides electricity to 160 households, but with a low load factor -32%. The 
same is true of Chugur -75 kW-, which has a load factor of 26%. On the contrary, 
Chalan -25 kW- makes better use of the energy available, with a high load factor of 
64%. El Tinte -14 kW- a very expensive project, only achieves a load factor of 39%. 
Two schemes are suggested for making better use of the energy available: a 
workshop extension and/or an installation of electricity to neighbour households. 
Atahualpa II SHS presents the highest abatement costs per energy consumption 
unit because this is a project with high capital costs. The question here is why the 
project was carried out in the first place. The field trip observations show that the 
households using the SHS are dispersed, being typically several miles from each 
other. This may justify installing this technology as transmission and distribution 
costs of MHP plants may require about 40% of the total capital costs (Sanchez 
2002). Hence, SHS can a better option. See Figure 4.
Figure 4 Unit abatement costs for MHP and SHS technologies
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7.2.4 Abatement costs in US$/hh
An assessment of Trinidad, Chalan, Chugur and Conchân MHP plants together with 
Atahualpa II SHS is carried out in this section. It is noticed again that the larger 
plants are the ones with the lower abatement costs in US$/hh. This is because they 
also provide energy to the higher number of households. For example, the total 
abatement costs for Conchân are US$ 630/hh. Overall, the other MHP plants’ costs 
range from 830 to 970 US$/hh. Atahualpa II SHS presents a total cost of 880 
US$/hh. These results show that it could be possible to start a community owned 
energy project with the financial commitment and involvement of the future users of 
the plant. For example, if 22 households in Trinidad village commit to start up the 
US$ 18500 MHP project, an annual payment of US$ 170/hh/year during 5 years 
would be enough to meet the capital costs of the project. However, this requires 
organised and structured management programmes together with stakeholder 
participation.
Figure 5 Unit abatement costs for MHP and SHS technologies
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Figure 6 Unit abatement costs for MHP and SHS technologies
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7.2.5 Abatement costs in US$/tC02
Figure 6 shows that Yumahual and Atahualpa I MHP plants present the lower 
abatement costs in terms of C02 emissions reductions, at 36 and 42 US$/tC02 
respectively. This is because these plants replaced the use of diesel generators in 
communities that had a greater energy consumption than others and also ran small 
workshops. El Tinte MHP plant also used a diesel generator to run a small 
production facility. However, the unit abatement cost is high in comparison to the 
two previous plants because of a low load factor. For the rest of the projects - 
Trinidad, Chalân, Chugur and Conchân MHP plants and Atahualpa II SHS- it can 
be seen that the abatement costs range between 68 to 310 US$/tC02. These five 
communities used a typical baseline technology -kerosene, candles, battery 
charging and milling. Chalân MHP plant and Atahualpa II SHS present the lower 
unit abatement costs because these two projects had high average kerosene 
consumption and they are located within 1-2 hours from main towns where fuels are 
available. Furthermore, during the rainy season these two villages are still 
accessible by car. However, in the rest of the villages -Trinidad, Chugur and 
Conchân- the access in the same season is very difficult as the road conditions are 
very poor. In the case of Chugur and Conchân, the fact that these plants present 
low load factors -26 and 32% respectively- also influences the unit abatement
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costs. If the plant load factors were higher and the number of household served 
greater, then the baseline emissions and the emissions reductions would also be 
higher and, consequently, the unit abatement costs in US$/tC02 would be lower.
7.3 Incremental costs results
In general, from the consistent negative results it can be concluded that MHP and 
SHS as abatement technologies are cheaper options than the baseline 
technologies -kerosene, candles, milling, battery charging and diesel generators. 
The incremental costs results provide an indication of the best option -financially- 
from the users point of view. However, they do not describe the financial 
performance of investments in these renewable technologies. This performance 
can be assessed from the NPV, PBP and IRR indicators.
The unit of incremental costs such as US$/tC02 are not used here because the 
incremental costs results are negative. See previous section, Discussion of results 
per project.
7.4 NPV, IRR and PBP Results
Figure 7 illustrates the results of the NPV, IRR and PBP for each of the eight 
energy projects. From these results can be confirmed that the NPV and IRR 
indicators provide similar outcomes of each project financial performance. For 
example, Trinidad MHP plant presents negative NPV and IRR ~US$ 7,600 and -  
7% respectively- and Atahualpa I MHP plant presents positive NPV and IRR -US$ 
137,284 and 11% respectively. The results from the PBP show very large numbers 
of years, more than 60, or negative values to recover the capital investment for the 
projects. Only two projects -Yumahual and Atahualpa I- present a PBP of less than 
25 years -8 and 3 years respectively.
It can be concluded that the three methods indicate that Atahualpa I and Yumahual 
are the best performing projects and also that Conchân and Chalan are the worst 
performing projects.
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The negative NPV, IRR and PBP results mean that the accumulated revenues of 
the projects are lower than the capital costs during their operation life. Appropriate 
measures need to be taken soon to increase the revenues. Possible measures 
include: increasing the use of the electricity through additional households or 
production activities, which would provide more income; applying commercial rates 
and installing electric meters to quantify electricity consumption.
Figure 7 NPV, IRR and PBP results for MHP and SHS technologies
(10A3US$'years) f0/l)
15 
10 
5 
0 
-5 
-10 
-15 
-20 
-25
Trinidad Yumahual B Tinte Chalan Atahualpa Chugur Conchan Atahualpa 
(5kW) (11kW) (14kW) (25kW) I (35kW) (75 kW) (80kW) II SHS
(50Wp)
ONFV(US$10A3) □ PBP(years) BIRR(%)
407
Chapter VI Financial analysis
8. Sensitivity analysis
In order to assess the financial feasibility of the eight energy projects and their 
options from different investment sources a sensitivity analysis is carried out. The 
objective here is to find out how the NPV of each project changes with the 
involvement of different investors.
For this analysis, the cash flows and capital investment variables remain constant, 
the discount rate changes according to each perspective. The different discount 
rates applied are explained below.
This analysis includes the development of different scenarios or perspectives for 
the abatement costs. Three different perspectives are explored -real, social and 
business perspectives. The question to answer for each perspective is: what is the 
NPV at 2003 of the project investment during its operating life? What would change 
if the government implemented the project? What is the NPV at 2003? and what 
would change if a private business implemented the project? What is the NPV at 
2003?
Table 11 presents an overview of these perspectives together with the type of 
discount rate to be applied.
The real perspective is the total ‘real’ project costs -including baseline and 
abatement costs- calculating the PV of the projects at 2003 during their lifetime, 
discounted with inflation rates.
The idea behind the social perspective is that energy projects provide electricity 
service to improve the quality of life of rural communities and therefore no financial 
profits are there to be made. The government investor is considered because it is 
one out of the three types of the MHP project ownership -local authority, 
cooperative and private owners- and also because energy development projects 
are developed by local governments. Hence, government institutions are more 
likely to invest in these types of projects. The idea behind the business perspective 
is to provide electricity service to obtain profits.
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8.1 Total baseline costs and perspectives
For this financial analysis only one perspective has been applied. This is the ‘real 
case’ perspective, which means that the present value of the past cash flow is 
calculated with the average Peruvian inflation rates -which changes with the 
community as this depends on the lifetime of the energy plant installed, Table 2 
shows these inflation rates). The future present values are calculated assuming an 
average inflation rate of 2.5%. This rate is the average inflation rate in Peru in the 
last two years -2002 and 2003. The period of the analysis is the same period of the 
lifetime of the abatement technology -25 and 20 years for MHP and SHS 
technologies. This is justified because the aim of this analysis is to find out the total 
baseline costs in each of the eight communities without access to electricity -using 
only kerosene, candles, batteries, milling facilities, small diesel generators or 
national grid electricity- where a type of energy plant has been installed. These 
baseline costs for each community will allow us to compare with the abatement 
costs of the energy plant. This will allow us to establish if the energy plant installed 
is really financially more attractive, which will help to support the fact that these 
energy plants can also reduce C02 emissions. The baseline costs calculation 
details of the PV are presented in the Methodology section explained above.
8.2 Total abatement costs and perspectives
The aim is to analyse the abatement costs of these plants from three different 
perspectives -real, social and business.
By assessing the social and business perspectives, the total abatement costs of 
these projects can be analysed looking at the best way to invest in these types of 
energy projects. The availability of the financial data of these projects made it 
possible to carry out this assessment.
8.2.1 Justification of social perspective
For the investment costs, Peruvian social discount rates are applied (including 
Peruvian inflation rates). Social discount rates are applied to determine if 
government funds are justified for the use of the public funds. Two discount rates
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are applied; the Peruvian social discount rate and a general discount rate of 4%. An 
average Peruvian social discount rate of 10% is assumed, this is based on 
information availability. The Peruvian Ministry of Economy and Finance applies this 
social discount rate to the public projects that the government of Peru undertakes 
(MEF 2004). The Peruvian social discount rate includes average inflation rates from 
1997-2000 suggested by the Universidad del Pacifico (2000).
For this perspective the total capital investment is the total project costs of the real 
perspective at its PV of 2003. Including investment costs, grant and loans. 
Transaction costs are not considered in this assessment because the data available 
already accounts these costs within the investment.
For calculation of the revenues (=annual benefits-annual costs), 2003 prices are 
assumed during the lifetime of the energy projects. Past revenues -before 2003- are 
corrected to discount rates and future revenues assumed to be equal to 2003 
revenues.
Table 11 Perspectives and discount rates for the abatement costs
Perspectives Capital Costs: Investment 
Costs, Grant and Loan (*)
Revenues
Real perspective PV of investment costs, grant 
and loan at 2003. Discount rate: 
average Peruvian inflation rates 
(Table 2)
Average Peruvian inflation 
rates. Assuming constants 
annual cash flows.
Social perspective 
Government Investor (e.g. local 
authority)
= PV of Capital costs from real 
perspective at 2003
Peruvian social discount 
rate, 10% & a social 
discount rate, 4%
Business respective 
Private investors (e.g. 
International Company)
= PV of Capital costs from real 
perspective at 2003
Business discount rate: 12%
(*) Transaction costs are considered in the capital costs of the projects.
8.2.2 Justification of business perspective
For business investors, past revenues -before 2003- are discounted with average 
Peruvian inflation rates to 2003. Future revenues are assumed the same as 2003 
revenues. A business discount rate of 12% is assumed. International investors 
usually apply this discount rate for projects implemented overseas. A figure of 12% 
is a high discount rate, but it would cover the possible financial risks of investors in
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foreign countries. These financial risks could be inflation rates or currency 
exchange rates.
The use of discount rates is controversial and subject to the person or institution 
who carries out a financial analysis. In this financial assessment, the sensitivity 
analysis uses discount rates of 4%, 10% and 12% are used. For government 
projects in the west discount rates of 4% are usually applied; however officially the 
government of Peru uses discount rates of 10%. This high discount rate is justified 
for the un-stable economy of the country which can change suddenly -such as 
when there is a change of government-. On the other hand, private companies, 
such as Shell Group, investing in developing countries tend to apply discount rates 
of 12% to assess their financial investments. This is in order to cover the possible 
financial risks such as inflation rates or currency exchange rates in foreign 
countries.
8.3 Discussion of sensitivity analysis
Three perspectives are considered in this sensitivity analysis -real, social and 
business. They use constant cash flows and capital investment per project. The 
discount rates applied differ for each perspective. The real perspective uses 
average Peruvian inflation rates. The social perspective uses a Peruvian social 
discount rate of 10% and a social discount rate of 4%. The business perspective 
uses a business discount rate of 12%. The average Peruvian inflation rates differ 
for each project according to the year of operation of the energy plant. A list of 
these rates for each energy plant is provided in Table 2.
Figure 8 summarises the results of this analysis that show that the higher the 
discount rate the lower the NPV results. Indeed, business, social and real 
perspectives present the lower NPV results respectively. With the exception of 
Atahualpa I which NPV results are higher. This is because the scheme was the first 
installed in 1992 and the discounted cash flow from 1992 to 2003 makes the past 
present value higher than for the other projects because of its long period and high 
inflation rates.
As discussed above, only two out of the eight energy projects present positive NPV 
results. Atahualpa I has the highest NPV, US$ 137,000; US$ 160,000; US$
199,000 and US$ 222,000 for average Peruvian inflation rates of 4%, 10% and 12%
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respectively. Yumahual presents NPV of US$ 98,000; US$ 92,000; US$ 74,000 and 
US$ 71,000 for real, social and business perspectives respectively. The financial 
performance of the two schemes are very much linked to the fact that the electricity 
is used for production purposes. Resulting in high load factors, 95% and 68% 
respectively. These plants show that if the electricity is applied for production 
facilities, then projects can be financially attractive for investors. Another important 
issue to consider is that these two projects are located close to the main city of 
Cajamarca. This fact gives favourable circumstances for the projects to be 
marketed.
For the MHP projects with negative NPV, the main characteristic is that -except 
from El Tinte- the main use of the electricity service is for lighting purposes and 
basic production activities. Hence, it can be concluded that if a positive financial 
performance is expected from MHP technologies in Peru a well established 
productivity plan for the community is also needed. In the case of El Tinte MHP 
plant, the issue here is that this project does not make full use of the energy 
available. This is a 14 kW plant with a load factor below 40%, from Table 10. 
However, ever though Trinidad MHP plant has a high load factor, above 60%, its 
financial performance is poor. Demonstrating that the MHP technology is still an 
expensive alternative when the capacity is too small. The same applies to Chalân, a 
plant with a high load factor and investment costs per capacity installed. See Figure 
4 for the unit of abatement costs in US$/kW. In the case of Chugur and Conchân 
MHP plants, the projects’ unit abatement cost are the lowest as they have the 
higher capacities, 75 and 80 kW respectively. It is important to note that the 
Trinidad, Chalân, Chugur and Conchân communities are isolated and difficult to 
reach. Therefore, this study shows that energy projects in communities with such 
circumstances need more attention in the organisational and institutional process of 
introducing new technologies. An energy project to be profitable requires 
productivity facilities; the organisation of these facilities requires the cooperation 
and facilitation of external aid. There is the need to learn how to create enterprises 
and sources of production activity. This will not only provide a better financial 
performance but also would create sources of employment and, hence, economic 
development.
For Atahualpa II SHS project the negative NPV occurs because this technology is 
still very expensive in Peru, see Figure 4. However, this technology is needed in
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remote communities with renewable energy sources where other options are more 
difficult to implement and therefore more expensive. Thus, the implementation of 
subsidies to reduce the technology price and appropriate financial mechanisms are 
required.
The use of higher discount rates for social and business perspectives shows the 
relation between the performance of the projects and the discount rate applied. In 
this assessment; the higher the discount rate, the lower the risks and the lower the 
NPV that results. Hence, for the business perspective the NPV results are lower 
than for the real and social perspective. The NPV for the social perspective is lower 
than the real perspective. It also demonstrates that rural renewable projects are not 
financially attractive.
If these projects are to be implemented by different agencies -national- or 
businesses -national or international- the financial gain is subject to the location, 
use of the electricity and the price of the technology to apply.
Figure 8 Sensitivity analysis results of MHP and SHS technologies
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9. Conclusion
From this financial assessment it can be concluded that in rural Cajamarca MHP 
and SHS technologies are cheaper options for electricity generation than the use of 
typical current sources of energy (kerosene, candles, battery charging, diesel 
generators, etc.). The MHP technology analysed shows that the energy plants 
orientated to use the electricity for production activities have better options for 
financial performance. However, revenues are not directly created as the energy is 
not sold and only savings on using other sources of electricity generation can be 
estimated. A point to note here is that the schemes studied showed that there are 
more chances for better performance (organisational, financial, etc.) in projects that 
are located closer to the main city than in projects that are in isolated communities. 
E.g., Atahaualpa I and Yumahual plants present better financial performance due to 
the closer location to the city of Cajamarca. On the other hand, Conchân presents 
the worst performance; this village is about 10 hours from Cajamarca and the poor 
road infrastructure makes travel difficult. There are less possibilities to create new 
production activities and, hence, to increase the electricity load.
From this study can be concluded that MHP technology is more economically 
feasible for the users in the long term than SHS schemes. However, sources of 
funding to promote and organise the hydro technology are required, as it still 
remains an expensive alternative when viewed from its attractiveness to private 
investors. The average cost of MHP technology in Cajamarca is between US$ 
1,200-4,000/kW and the average cost of SHS is more than US$ 15,000/kW.
Although MHP technology is a cheaper option for the local people it is not always 
easy to promote its acceptance. In small communities, because of cultural and 
political reasons, people can refuse and doubt the economic benefits of this 
technology. This is one of the most difficult problems that developers have to face 
when a project is in an early stage.
From this work it is also noticed that MHP projects owned by private or cooperative 
investors tend to be more successful than projects owned by the local government. 
This is because of political, bureaucracy and corruption issues. In Peru, the local 
government authorities change every four years. To put this into context, for the 
studied MHP projects it took about four years to complete project implementation.
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Within this period a new political party could take the power of the local authority. 
This new authority has different objectives and political interests -if not personnel - 
during its governmental period. Continuing commitments for the management of the 
plant are not always followed. Hence, the introduction of clear regulations to 
continue the commitment to this type of energy projects is needed at the local 
government level. This commitment should include provisions to keep and improve 
the electricity plant management and use. These regulations would have to come 
from the central government.
From this analysis can be said that there are five main variables for successful 
(economical) projects; the use of the electricity for combined production activities 
and household needs, the location of the project, the management of the plant, the 
use of a high load factor and the size of the plant. However, the management and 
organisation of the facilities require the cooperation and facilitation of external aid; 
the way to create production or enterprise activities is a capacity that the local 
people are not aware.
In overall, the lessons learned from the implementation of these small energy 
systems show that the private and the co-operative ownership tend to be more 
successful (financially) than the public owned projects. These type of owned 
projects also use the electricity for production facilities. However, the management 
of the non-public owned schemes is not always the best as Atahualpa co-operative 
and Trinidad cases showed. The public owned schemes demonstrated that political 
and social issues interfere with their performance. However, Conchân MHP plant 
management model was successful.
From the results of this analysis it is demonstrated that the use of different financial 
techniques (NPV, IRR and PBP) provides similar indications of the financial 
performance of the projects.
Finally, these financial study provides an detailed approach (see Appendix) that can 
be applied to carry out similar analysis with other technology sources.
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10. Appendix: Baseline costs
10.1 Baseline costs for kerosene
10.1.1 Capital costs
All costs are per household (hh)
It is assumed that the hurricane lamps were bought the year the MHP/SHS began 
operating. For example, Trinidad MHP plant has been in operation since 1997 so 
we assume a hurricane lamp bought in 1997.
Data input:
A Production costs per unit of hurricane lamp (*) soles/unit
B Number of units per household units/hh
C Transport costs SI.
D Average Peruvian Inflation Rate (from Table 3.5) %
E Number of years to present years
F Discount Factor (from Table 3.5) (1+ D )A E
(*) The production costs are taken from the data of the 2002 field trip.
From survey can be assumed that an average of one unit per household for all the 
projects because rural families spend the evening together in one room to save 
money.
Transport costs are considered because the lamps are purchased from a nearest 
town, which can involve to a 10-hour journey. This data is also taken from the 2002 
field trip surveys.
The average Peruvian inflation rate used as a discount rate varies from project to 
project because each one started at different time. Table 3.5 shows these rates and 
the corresponding discount factor for each project.
Data output:
| G | Total present capital costs | S/./hh | = (A*B + C) * F ~
This cost represents the cost of buying the hurricane lamp at 2003 value of money.
10.1.2 Replacement costs
Assuming that the lamps need to be replaced every five years, in 25 years four to 
five replacements are needed. For simplification purposes four replacement are 
considered here. It is assumed that each replacement has a similar PV as the 
capital costs.
Data input:
H 1st Replacement S/./hh =G
I 2nd Replacement S/./hh =G
J 3rd Replacement SI. /hh =G
K 4th Replacement SI, /hh =G
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Data output:
L Total present replacement costs SI. /hh = 4 *G
= H+l+J+K
This cost represents the present cost (2003) from the replacement costs of 
hurricane lamps within 25 years.
10.1.3 Annual costs
Three main variables are considered in the annual costs of the kerosene baseline - 
kerosene fuel, glasses for the lamps, which can break and wicks to burn the fuel. 
For each, the annual quantity use per household and the price are needed. For the 
kerosene, average consumption rates were calculated from Survey 2002. For the 
glasses and wicks, it is assumed each household will use two glasses per year and 
one wick per week. This assumption is based on data from the 2002 field trip 
surveys. Kerosene prices are known before 2OO3.The average Peruvian inflation 
rate and the number of years are similar to the capital costs.
Data input for kerosene fuel:
M Annual fuel use L/hh/year
N Price of fuel SI. IL
O Annual Cost S/. /year/hh =M*N
P Discount factor (from Table 3.5) = F
Q Number of years or lifetime of the study years 25/20
R Fuel costs at present S/. /hh/year
o_Oii
The same applies for the glasses and wicks. 
Data output:
Total Fuel Costs in 25/20 years____________| S/, /hh | = R * Q
This shows the total (during 25/20 years) annual costs at 2003. 
Finally,
T Total Baseline Costs S/. = G + L + S + Glasses Costs + Wick Costs
/hh
Then the total baseline costs for kerosene are then added to the total capital costs, 
total replacement costs and total annual costs. This is presented in soles/hh with an 
exchange rate in US$/hh and with the number of households in US$/community.
10.2 Baseline costs for candles
As Table 1 shows the baseline costs for candles only accounts for the annual costs.
10.2.1 Annual costs 
Data input:
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u Annual candle use candles/hh/year
V Price of candles S/. /candle
w Annual Cost SI. /year/hh =U*V
X Discount factor, shown in Table 3.5 = F
Y Number of years or lifetime of the study years -  Q
z Fuel costs at present SI. /hh/year = W*X
Data output:
I AA I Total Candles Costs in 25/20 years I SI. /hh | = Z*Y
The Total Baseline Costs for Candles is only the total annual costs in 25/20 years. 
This is presented in soles/hh with an exchange rate in US$/hh and with the number 
of households in US$/community.
10.3 Baseline costs for battery charging
10.3.1 Capital costs
Data input:
AB Production costs per unit of an old battery SI. /unit
AC Number of units per household per year units/hh
AD Transport costs SI.
The production costs are taken from data of the 2002 field trip.
Only one unit per household is assumed in all the projects because in these rural 
and poor communities families spend their evening together in one room to save 
energy costs.
Transport costs are considered because batteries need to be purchased from the 
main nearby town, which can take up to 10-hour journey. This data is also taken 
from the 2002 field trip.
Data output:
| AE | Total present capital costs | SI. /hh | = (AB*AC+ D) * F ~
This cost represents the cost of buying a battery car at 2003 value of money.
10.3.2 Replacement costs
Assuming, from survey data, that batteries were replaced every two years. An 
average of 11 and 9 replacements are considered for MHP and SHS technology. It 
is assumed that each replacement has the same PV as the capital costs because 
the entire battery is replaced.
Data input:
AF | 11/9 Replacements | S /./hh I =11 or 9 * AE |
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Data output:
AG Total present replacement costs SA /hh = AF
This cost represents the cost at 2003 from the replacement costs of car batteries 
within 25 /20 years.
10.3.3 Annual costs
The annual average battery charging per household is needed and the price for 
each charging, which includes the transport costs. These data is taken from the 
surveys carried out in the 2002 field trip
Data input:
AH Annual average charging cnargmg/nn/year
Al soies/cnargmg
AJ Annual uost soles/year/nn =AH '  Al
AK Number or years or nretime ot me study years
" A L '" " ....." uosts at present soies/nrvyear = AJ - h
Data output:
I AM | Total Costs in 25/20 years | SA/hh | = A L * A K  |
This shows the total (during 25/20 years) annual costs at 2003 of charging 
batteries.
10.4 Baseline costs for milling
10.4.1 Annual costs
The data for average electricity consumption used per community for milling 
services and the price of electricity unit are taken from the 2002 field trip.
Data input:
AN Annual Electricity consumption for 
milling
kWh/community/year
AO Price electricity SA /kWh
AP Electricity costs per community SA /community/year =AN * AO
AQ Number of households hh
AR Electricity costs per household SA /hh/year = AP/AQ
AS Discount Factor =F
AT Number of years years =Q
AU Costs at present SA /hh = AR * AS
Data output:
AV Total Costs in 25/20 years SA /hh = AU * AT
This shows the total annual costs at 2003 of milling.
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10.5 Baseline costs for diesel generators
10.5.1 Capital Costs 
Data input:
AW Diesel Generator Purchase Cost US$
AX Transport costs US$
AY Installation US$
Data output:
AZ | Total Capital Costs | US$ [ = AW + AX + A Y
No discounting is necessary as the prices are present values at 2003. Exchange 
rate in 2003: SI 3.42/US$ (BCRP 2003).
10.5.2 Annual Costs 
Data input:
BA Annual diesel fuel use US gallons/year
BB Price of fuel (2003) S/. /US gallon
BC Operation & Maintenance Costs SI. /year
Data output:
BD Total Annual Costs in 25/20 years S/. | =(BA*BB + BC) * 25 or 20
Finally, the total baseline costs for diesel generators is as follows:
BE Total Costs in 25/20 years SI. AZ * 3.42 + BD
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11. Appendix Abatement costs
11.1 Process of the abatement costs calculation
One spreadsheet is developed for each project. Each spreadsheet contains five 
worksheets - these worksheets calculate the PV for investment costs, grants, loans 
costs, transaction costs and revenues.
The currency used for the results is US$; the cash flows of the investment, grants 
and loans are in US$, though the Peruvian currency is ‘Nuevos Soles’ (S/). A 
conversion to S/ at the year of the cash flows is carried out (see Table 3.7 for 
exchange rate S/US$ from 1992 to 2003). Then the cash flow in soles in discounted 
(using discount rate shown in Table 3.5) to the PV at 2003 followed by a conversion 
to US$ using 2003 exchange rates.
For this financial analysis, data from the eight energy projects are used, these data 
were acquired during a field trip carried out in June-September 2002. A survey 
(2002) document exists for the 8 projects; this is a compilation of the information
Table 12 Exchange rates in Peru from 1991-2003 (BCPR 2003)
obtained.
Year 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
S//US$ 0.79 1.61 1.93 2.09 2.25 2.45 2.66 3.02 3.38 3.49 3.48 3.45 3.42
11.1.1 I nvestment costs
The investment costs analysis is carried out for five projects; Trinidad, Yumahual, El 
Tinte, Chalan and Conchân MHP plants, as Table 6 shows. The sources of 
investments came from the owners of the projects, e.g. private investors, 
cooperatives and local authorities.
The PVs of these investments are calculated in the past (see equation 3.2) using 
the average Peruvian inflation rates as discount rates (this inflation rates varies for 
project to project, see Table 3.1) and the difference between 2003 and the 
investment year as the number of years to date. Financial data are available from 
Survey 2002 for each project. This calculation is explained as follows:
PV of Investment
Units Data input Data Output
A Investment US$
B Exchange rate from Table 3.7 soles/ US $
C Investment soles > CD
D Year of Investment year
E Year of study (at present, 2003) year
F No of year years E -D
G Discount Rate (from Table 3.5) %
H PV at 2003 soles = C * (  1 +G/100) AF
I Exchange rate at 2003 soles/ US$
J PV at 2003 US$ = H / 1
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11.1.2 Grant costs
The grant costs analysis is carried out for five projects; Trinidad, Chalan, Chugur 
and Conchân MHP plants, as Table 3.6 shows. These are the only projects that 
received grants for their implementation. These grants were funded by NGOs.
The same discount rate (average Peruvian inflation rates) and number of years as 
for the investment calculation is applied for the PV of the grant. This calculation is 
explained as follows:
PV of Grant
Units Data Input Data Output
K Grant US$
L Exchange rate at year of the grant s/./ us $
M Grant in soles SI. ii
N Year of Grant year
0 Year of study (at present, 2003) year
P No of years years — O — N
Q Discount Rate (from Table 3.5) %
R PV at 2003 SI. = M*(1 + Q/100) AP
S Exchange rate at 2003 SI./ US$
T PV at 2003 US$ = R /S
11.1.3 Loan costs
The loan costs analysis is carried out for seven projects; Trinidad, Yumahual, El 
Tinte, Chalan, Chugur and Conchân MHP plants together with Atahualpa il SHS, as 
Table 3.6 shows. These projects received loans from the InterAmerica 
Development Bank through the administration of Intermediate Technology 
Development Group-Peru.
The loan amounts, interest rates, term of the loan together with the year that the 
loan was made, year when the payment started and the year when payments finish 
and the annual payment are shown in Table 3.8.
Table 13 Loan details for MHP and SHS technologies
Project Loan Interest rate and Loan year Year 1st Finish Annual
(US$) term (%, years) payment payment Payment US$
Trinidad 12000 6,5 1995 1996 2000 2849
Yumahual 30000 6, 5 1995 1996 2000 7122
El Tinte 30000 6, 5 1995 1996 2000 7122
Chalan 19218 6,5 1993 1994 1998 4562
Atahualpa I no
Chugur 35000 6,5 1995 1996 2000 8309
Conchân 18000 6,3 1998 1998 2002 6734
Atahualpa II 37500 10,3 2002 2003 2005 15079
The discount rate and number of years remain the same for the loan PV calculation 
as for the investment and grant calculation. A PV is calculated for each of the 
payments because they are carried out annually and in US$ and the exchange rate 
of this currency changes (see Table 3.7), then the total PV is the sum of each 
payment PV. This calculation is explained as follows:
PV of Loan
| I Units | Data Output
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u Annual loan payment US$
V Exchange rate at year of payment SU US $
w Annual loan payment SI. ii c <
X Year of payment year
Y Present year year
z Number of year years = Y - X
= X -  Y (for cash flow after 2003)
AA Discount rate (from Table 3.5) %
AB PV at 2003 S/. = W * (1+AA/100) AZ 
= W / (1 + AA/100)A Z (for cash flow 
after 2003)
AC Exchange rate at 2003 SU US$
AD PV at 2003 US$ = AB / AC
The same calculation is applied for all the annual payments (however the annual 
payments are constant, an exchange rate needs to be applied because the 
payments are made in US$ and the discount rate to be used is applied to SZ-the 
Peruvian currency) and then the sum of all the PV of each payment is the total PV 
of the loan at present:
AE | PV of the loan at 2003___________| US $ | = AD (1) + AD (2) + AD (3) + ... + AD (N)
Where:
N is the total number of payments.
11.1.4 Revenue
As equation 3.10 states the revenue of each plant is the difference between annual 
benefits Bann and annual costs Cann of the energy plants. In this case, the 
revenues are calculated within the lifetime of the energy project and transferred to 
the PV at 2003. The annual benefit Bann includes only the income from the energy 
service. The annual costs Cann include the O&M costs and the administration 
costs.
Annual Benefits
Units Data Output
AF Electricity demand kWh/year
AG Rate SU kWh
AH Total benefits per year S/. /year =AF * AG
Note, for Trinidad it is necessary to know the number of households; this with the flat rate (20 S//month) is enough 
to calculate the annual benefits.
Annua Costs
Units Data Output
Al Operators
AJ Salary SI. / month
AK Annual operation costs S/. /year CM
<<ii
AL Maintenance costs SI. /year
AM Others S/. /year
AN Total costs per year SI. /year = AK + AL + AM
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Revermes
Units Data Output
AO Total Annual Revenues soles/year
<i<ii
AP Year of Operation year
AQ Final Year of Operation year
Present value in the Past (from year of operation to 2003)
AR Discount rate, see Table 3.5 %
AS Term
AT PV for year N = AO * (1+AR/100)AAS
AU Total PV in the Past = AO (1) + AO(2) +... AO (N)
N is every year before 2003.
Total PV during lifetime of the project at 2003:
AY Total PV SI. = AU + AO(N) * number of 
years from 2003 to the end of 
the operation of the plant
AZ Exchange rate at 2003 SI. /us$
AX Total PV us$ = AY/ AZ
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0. Introduction*
Small energy projects can support development needs. The CDM mechanism could 
be applied to encourage investment in small energy projects in rural areas of 
developing countries. As a new tool the CDM penalises small projects with its high 
transaction costs and still low prices of certified emission reductions (CERs). The 
current CDM proposals demonstrate that a significant number of small projects are 
playing an important role in the CDM market. They make use of the available 
procedures to simplify the CDM process cycle and to reduce transaction costs. 
However, most of these projects belong to the maximum threshold of the small 
CDM definition or are part of financially attractive technologies; such as the case of 
small hydro connected to a grid and biomass plants. Therefore, the lower end of 
small CDM projects are left behind as they reduce low emissions and their financial 
returns are minimal such as the renewable electricity projects in this study. These 
small energy projects have the potential to contribute to the sustainable 
development of isolated communities without access to electricity.
In order to cope with high transaction costs and to encourage financing projects 
with strong sustainable development delivery the Executive Board of the CDM has 
introduced the concept of bundling small-scale CDM projects. The objective for this 
chapter is to support the CDM experience on small projects by assessing bundling 
possibilities and the additionality criterion for energy technologies in Peru.
The chapter is divided into six sections; Section 1 and 2 provide the background for 
transaction costs and bundling respectively. Then two analyses are carried out. The 
first explores the bundling scenarios for micro-hydro and solar energy projects in 
Peru in Section 3. The second tests the barriers for micro-hydro technology at local 
and country levels in Section 4. Finally, Section 5 and 6 concludes and 
recommends respectively from the findings of the chapter.
1. Transaction costs
In Chapter I the concept of small-scale CDM projects has been introduced and their 
high transaction costs have been highlighted as one of their main problems. In
* An early version of this chapter was proposed for publication in the Journal of Climatic Change. This was also 
discussed in the Climate or Development Conference organised by the Hamburg Institute of International 
Economics in October 2005.
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Sections 3.2 and 5.3. It is shown that the administrative process of a CDM proposal 
is mainly responsible for these high costs. Transaction costs have been defined by 
the costs that arise from the tasks to be performed in the CDM project cycle (Krey 
2005, p2387). They occur at three main stages1 : before and during the CDM project 
implementation and when emission reductions are issued. For instance; in the 
design stage, the development of a Project Design Document (FDD) and baseline 
proposals need consultants; validating the proposal and verifying the reductions 
needs accredited institutions known as Designated Operational Entities and the 
registration asks for a fee which depends on the emission reductions of the project. 
The following table shows the costs’ components of each stage, their definition and 
where in the CDM cycle occurs.
Table 1 Transaction costs components
Project stage Cost component Description CDM cycle
Search costs Costs incurred by investors and host as they 
seek out partners for mutually advantageous 
projects
Design
Negotiation costs Costs incurred in the preparation of the project 
feasibility studies, ideas, etc. Also includes 
documents assignment and scheduling of 
benefits over the project period. As well as 
public consultation with key stakeholders.
FDD and baseline 
costs
Development of a FDD and baseline
Approval costs Costs of authorization from host country
co Validation costs Review and revision of project design document by operation entity
Validation
10)
E
Q.
E
2
Review costs Costs of reviewing a validation document. It 
also includes letters, contracts and 
agreements such as letters of intent, approval, 
endorsement; contracts of technology supply, 
O&M and others; and agreements such as 
emission reduction purchase, loan, etc.0. Registration costs Registration by UNFCCC Executive Board Registratrion
Monitoring costs Costs to collect data Monitoring
co Verification costs Costs to hire an operational entity and to report to the UNFCCC Executive Board
Verification
and
i0)Ê
Review costs Costs of reviewing a verification and as above Certification
0)
a
E
Certification costs Issuance of CERs by the UNFCCC Executive 
Board
O)c
I  ransfer costs Brokerage costs Issuance
TJ
g
Registration costs Costs to hold an account in national registry
Sources: Modified from Michaelowa, et ai (2002, pp10-11) and Dudek, et ai (1996, p173j.
1 For a full discussion on transaction costs definition with and without the CDM context refer to Krey (2005, p. 
2386-2387), Michaelowa et a i (2002, pp7-9) and Fichtner et al. (2003, p250).
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In the foregoing discussion of Chapter I it is also pointed out that under this market 
mechanism, small projects are the most vulnerable as they are exposed to 
transaction costs which sometimes can be even higher than the proposed activity 
costs. Early estimations of transaction costs were predicted as high as 
US$1,000/tC02 for micro size projects such as solar photovoltaics and as low as 
US$10/tCO2 for small size projects. These estimations were based on micro size 
projects that reduce less than 200 tC02/year and on small size reducing in the 
range of 2k-20k tC02/year (Michaelowa et al. 2002, p25). This work is based on 
data from the pilot phase projects, Activities Implemented Jointly, carried out 
between 1995 to 2000. On the other hand, the World Bank estimates that average 
transaction costs of CDM projects can reach as much as US$ 110k (World Bank, 
2003) independent of the amount of emission reduced.
Following these findings, one study established costs between US$ 23-78R 
(Gouvello et al. 2003, p19) for small-scale CDM projects considering the use of the 
simplified methods and procedures in place for these projects. More recently, Krey 
(2004, p98) determined that these costs for small projects in a specific country 
could be higher than US$ 95k or US$ 0.47/tCO2 when they are reducing more than 
11 ktC02/year. These finding are based on empirical data from Indian projects.
These studies show that as research increases with the availability of project data it 
is possible to find out the real transaction costs of CDM projects. Hence, it can 
highlight areas where the costs can be minimised, as high transaction costs would 
dramatically reduce the number of financially sustainable CDM projects. Foreign 
investors would prefer to generate a maximum amount of CERs as cheaply as 
possible and will therefore prefer large projects.
2. Bundling small CDM projects
Overall transaction costs of the CDM projects can be minimised by bundling similar 
projects together. Indeed, bundling is included within the simplified modalities and 
procedures for small-scale CDM projects, the Marrakech Accords (UNFCCC 
2001b) suggest project bundling as a way to reduce transaction costs for small- 
scale CDM projects. Bundling refers to combining or aggregating a number of 
small-scale projects into a single emission reduction project (Mariyappan et al. 
2005, pi). One model as to how this can be done is for a bundling organisation to 
take care of the bundling process by collecting projects and promoting the whole
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package to the investor. In addition to the possible reduction of transaction costs, 
bundling can also be beneficial in reducing project development costs such as 
engineering, procurement and construction costs, operational and maintenance 
costs, and in increasing the total investment volume.
In order to promote the interests of small-scale CDM projects, a simplified process 
has been proposed in the design, validation, registration and verification stages 
(UNFCCC 2002b, pp3-4). For instance in the design stage, a simplified version of 
the FDD is also available for small-scale activities. For the validation, verification 
and certification stages to consult the same Designated Operational Entity2 is 
allowed. Finally, the registration period is reduced to four weeks after requesting 
registration, only if no review of the CDM proposal was required. Besides that, in 
2002 the approach of bundling small-scale CDM projects was reinforced and 
clarified. The Executive Board established that bundling can be carried out at every 
stage of the CDM project cycle taking into consideration that the total size of the 
bundled activity should not exceed the limits of small-scale activities3 (UNFCCC 
2002b, pp3-4). For example; a maximum of 15 MW capacity for small renewables. 
The Board also specified that separation or de-bundling 4 of a large project cannot 
be accepted as bundle CDM proposal (UNFCCC 2002b, pp3-4). Table 2 presents 
the evolution process for small-scale CDM projects.
Standardised methods for baseline quantification and monitoring (UNFCCC 2003a) 
for small CDM activities were also proposed. Furthermore, in May 2005, the Small- 
Scale Working Group of the CDM clarified five main conditions for bundling 
(UNFCCC 2005h):
• Project proposals for bundling should indicate at registration whether the
projects should be bundled at one or all stages of the CDM project cycle.
• The bundling size should not exceed the maximum levels of small-scale CDM
projects for the same project types or different project types.
• De-bundling cannot happen after a project becomes part of a bundle.
2 A Designated Operational Entity is an approved organization^ that validates a CDM FDD before its registration 
to the Executive Board, it also verifies and certifies the CDM project’s emission reductions.
3 The limits are of 15MW of capacity installed, 15GWh/year of savings and 8tC02/year for renewable (Type I), 
energy efficiency (Type II) and other projects (Type III) respectively. For further details on these project types refer 
to Chapter I, Section 3.2 and see Table 1.1 in Appendix I.
4 Appendix C of the Simplified Modalities and Pocedures for Small-Scale CDM project activities establishes that 
de-bundling, or separation, of a large project cannot be accepted, unless the total size of the project does not 
exceed the limits for small CDM activities (UNFCCC 2002b).
429
Chapter VII Cajamarcan energy projects as CDM
• Bundling composition cannot change over time.
• The same crediting period applies for project activities bundled.
Table 2 Evolution of small-scale CDM projects
CDM Small-scale CDM
- Bundling small-scale CDM
Stages Before 2001 2001-2002 2003 2005
Design Standard FDD Concept small-scale 
Types 
Size limits 
Simplified FDD
Simplified
baseline
methods
Cover form 
Use simplified FDD 
Use simplified baselines 
subject to bundling cases
Validation DOE 1 DOE 1 DOE 1
Registration Standard fee 
> 3 months
Fee according to 
emission reductions 
4 weeks
Fee according to emission 
reductions 
4 weeks
Monitoring Simplified
monitoring
methods
Guideline for monitoring
Verification and 
certification
DOE 2 DOE 1 DOE 1
Issuance
Bundling Concept introduced 
Bundling size limits 
De-bundling not 
accepted
Composition cannot be 
changed
Crediting period is the 
same for all bundled 
projects
The details on how to bundle small-scale CDM projects and how to propose as one 
bundle activity still need to be clarified as research and input progresses. However, 
bundling presents an opportunity to reduce transaction costs of small CDM 
proposals and hence promote the developments of small projects.
The small-scale Working Group also decided to consider four main cases for 
bundling small-scale CDM projects (UNFCCC 2005h), see also Table 3:
Case (I) Bundling of projects of the same type, same category and technology or 
measure. For example; renewable energy projects aimed for electricity 
generation by the user (off-grid) and using only micro-hydro technology.
Case (ii) Bundling of projects of same type, same category and different technologies 
or measures. For example; renewable energy projects aimed for electricity 
generation for a system (on-grid) and using wind technology.
Case (ill) Bundling of projects of same type, different categories and technologies or 
measures. For example; renewable energy projects aiming at both electricity 
generation by the user (off-grid) and for a system (on-grid) that use solar and
430
Chapter VII Cajamarcan energy projects as CDM 
hydro technologies.
Case (iv) Bundling of projects of different types. For example; renewable and energy 
efficiency projects for electricity generation for the user (off-grid) and for 
building switching fuels that use solar and improving insulation.
Besides that, the Group recommended specific requirements for each case of 
bundling in every step of the CDM proposal cycle. For instance, case (i) bundled 
CDM activity can be proposed using a single FDD and baseline for small-scale 
CDM projects; while case (iii) will need to provide different PDDs and baselines for 
each of the component project activities; see also next table. In other words a 
bundled renewable type activity aimed for electricity generation by the user (off- 
grid) and consisting only micro-hydro technology will need one FDD and one 
baseline calculation. However, a bundled renewable type activity aimed for 
electricity generation by the user (off-grid) and for a system (on-grid) that will use 
micro-hydro and solar technologies respectively will have to prepare two PDDs. It 
will contain two baseline calculations: one will be for the off-grid micro-hydro 
bundled projects and the other for the on-grid solar bundled projects.
It is important to notice, here, that the development of FDD and baseline 
calculations depend on the location of the projects. For example, considering a 
bundled project of small hydro plants aimed for domestic activities, under case (i) 
option, is to be implemented in different parts of Peru. For this project the carbon 
emission factor used to calculate the baseline scenarios and total of emission 
reductions can be different from region for region. In the mountains kerosene and 
diesel generators are used for lighting and services; in the jungle mostly woodchips 
are burnt for lighting. In the coast national grid electricity has most chances for be 
available. In total four different baselines can be found in one country using a 
project for domestic purposes. The use of a common baseline would not always 
represent the most realistic scenario.
The recent guidelines proposed for submitting bundled activities state that these 
should be proposed by using the following (UNFCCC 2006a): a) a cover form for 
bundled projects5 and b) A single FDD or a set of PDDs depending on the types, 
categories and technologies to bundle following indications of Table 3.
5 This form is in Annex 12 of the meeting report. It consists of four sections (UNFCCC 2006a): A) Description of the 
bundle, B) Technical description of the bundle, C) Duration and crediting period and D) Monitoring methodology; 
see Appendix I.
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This Working Group has also established conditions and situations for the use of a 
common baseline for bundled projects (UNFCCC 2006b)6. The aim of bundling 
small projects is to reduce transaction costs and to make these projects more 
attractive for investment; however, the experience in applying these new rules and 
guidelines for bundling small-scale CDM projects will determine if it is the case.
6 Two tables specifying these conditions and situations for the range of small-scale CDM project categories are 
shown in Appendix II. These tables are part of Annex 2 of the meeting report (UNFCCC 2006b).
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2.1. Experience with bundling so far
2.1.1. At the CDM Executive Board
In the last year since the entry into force of the Protocol the number of CDM 
projects in the pipeline has been increasing. In fact, until March 2006 there are 127 
projects being registered as CDM activities, from which 58% are located in Latin 
America and the Caribbean, 36% are in Asia and the Pacific region, only 2% in 
African countries and the rest in other non-Annex I countries. From these registered 
projects more than 40% are representing small-scale projects; only two of them are 
bundled projects in South Africa and Brazil (UNFCCC 2006c). The council of Cape 
Town registered the first bundle in August 2005. It is called Kuyasa low-cost urban 
housing energy upgrade project and lies as a case (iv) bundle as it consists of the 
following:
• Two different project types; renewable (Type I) and energy efficiency (Type II)
e Three different categories; thermal energy for the user (Type I.C), demand-side 
energy efficiency (Type II.C) and energy efficiency for fuel switching measures 
for buildings (Type II.E).
• Three different technologies/measures; solar eater heater installations, 
fluorescent light bulbs and insulated ceiling boards.
The second bundled activity from Brazil was registered in February 2006 by a 
private food processing company. The project title is CAMIL Itaqui biomass 
electricity generation project It also belongs to case (iv) bundle, which has the 
following characteristics:
e Two different project types; renewable (Type I) and others (Type III).
o Two different categories; electricity generation for a grid (Type I.D) and 
avoidance of methane production (Type III.E).
• Two technologies/measures: combustion of renewable rice husks in a biomass 
boiler and a measure to avoid methane production from biomass.
These CDM bundles use one PDD to present the projects and calculate emission 
reductions separately for each project (Kuyasa 2005 and CAMIL 2006). These two 
practical experiences demonstrate that bundling CDM projects is possible either for 
public and private investors that can put together financially sound projects.
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National institutional capacity can be a factor affecting the success of small-scale 
CDM projects, as for bundling, as knowledge and expertise are needed to pass 
through the CDM project cycle. For instance, African countries’ climate change 
offices are not as well developed as they are in Latin American nations. This is due 
to the fact that they have been designed/implemented in the last year after the entry 
into force of the Protocol. By March 2005 only 8 African entities (UNFCCC 2005c)7 
were designated as national authorities while by February 2006 this number rose to 
22 (UNFCCC 2006d). On the other hand, by March 2005 there were 20 registered 
Latin American National Authorities and by February 2006, 24.
2.1.2. Literature review on CDM bundling
To date there are not many reported studies analysing the impact of bundling and 
project investment returns tend to be kept confidential. This section summarises in 
chronological order the few available. One of the first studies on bundling 
implications was reported by Factor Consulting (pp1-34), this work analysed the 
bundling of biomass, renewable, energy efficiency and forestry projects in India. 
The results show that if 13 groups of 10 project each are bundled, only 4 groups 
qualified under the investor criteria of IRR higher than 15%. However, if 13 groups 
of 100 projects each are bundled, 5 groups enter under the investment area, which 
demonstrates that it is better to bundle larger number of projects.
In 2002, a study carried out in the West African region8 by IT Power (Green et al. 
2002, pii) determined that bundling can help to improve the financial viability of 
projects. However, certain circumstances need to apply: the bundled projects 
should share certain characteristics, the number of CERs is higher than 20 
ktC02/year or the revenues from credits are significant (>10%). At the same time, 
Mathur (2002, pp1-4) has developed a bundling scenario for five small hydro 
projects in India, assuming the same project developer and area, similar technology 
use and operation by the same business sector. The results of this work suggest 
that by bundling five energy projects the IRR is increased by about 1% in 
comparison to non-bundled projects, the IRR for each project ranged from 11-18%.
A later study from IT-Power and ECN in India also report that small bundled 
projects reducing less than 10 ktC02/year are not attractive enough for investors as
7 By March 2005, a total of 71 Designated National Authorities are listed in the CDM website (UNFCCC 2005c).
8 Specifically in Burkino Faso, Guinea, Mali, Niger and Senegal.
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their transactions costs represent more than 20% of total CER revenues (Bhardwaj 
et al. 2004, p6). Furthermore, an article focusing on small-scale wind farm projects 
also in India determines that this type of proposal needs to generate a minimum of 
3.5k to 5k tC02/year to start attracting CDM investors (Mundaca et al. 2005, pp399- 
418). The study assumes a price of US$5/tC02 and indicates that supportive 
strategies such as bundling and unilateral CDM process are also required.
3. Bundling small projects in Cajamarca
This section analyses the transaction costs incurred from bundling CDM projects. 
The first objective is to evaluate the financial viability of small energy projects in 
Peru under the CDM and the second, is to find out a way to bundle small CDM 
projects to overcome transaction costs. The study is based on the developer and 
CDM investor point of view because they would determine in principle if a project 
will be undertaken. Empirical data of micro-hydro and solar projects running in Peru 
are applied; technical, environmental and financial figures are taken from previous 
chapters. There are three main steps applied:
• Finding out transaction costs for a single CDM project in Peru.
• Bundling the hydro and solar projects independently for each technology.
» Carrying out a sensitivity analysis with three case scenarios for each 
bundled way.
Table 4 presents a summary of the projects with their main characteristics such as 
technology, capacity, emission reductions, electricity consumption and investment 
costs. Further details for each project can be found in Chapter III.
Table 4 Energy projects in Cajamarca
Energy Plant Technology Capacity
kW
Emission reductions 
(*) tC02/year
Consumption 
(*) MWh/year
Investment costs 
(**) kUS$
Trinidad 5 11 12.1 18.5
Yumahual 11 57 65.05 42.0
El Tinte Micro­ 14 9 10.0 45.0
Chalan hydro 25 31 33.0 90.9
Atahualpa I 35 124 144.3 119.5
Chugur 75 35 40.0 95.1
Conchan 80 46 53.2 110.9
Atahualpa II Solar 2.5 (***) 15 2.9 44.1
Total 248 328 360.6 566
(*) Data taken from Chapter V, Section 5.6 Comparison across projects, Table 26.
(**) At 2003 values, data from Chapter VI.
(***) Each solar panel is of 50 Wp of capacity and provides electricity for one household.
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3.1. Transaction costs for a CDM project in Peru
The discussion above has shown that implementing small single projects as CDM 
activities is far too expensive because of the high transaction costs involved. It also 
demonstrates that more research is needed to find out other ways to reduce 
transaction costs of particularly small projects.
The transaction costs in Peru were determined by assuming the following:
• Search costs of US$ 5k, which corresponds to the pre-feasibility study and 
engineering design of the plant. This assumption is based on data 
availability for MHP plants already implemented in Peru. Establishing that an 
average of 6% of the total investment costs is used for pre-feasibility studies 
and engineering design for plants of less than 80kW of capacity (Sanchez 
2002b). It is assumed that the promotion costs are subsidised by the 
Peruvian government as there are already institutions9 marketing CDM 
projects (CONAM 2003, p10).
• Development PDD costs of US$ 10k, based on consulting Latin American 
experts on Activities Implemented Jointly and CDM proposals. It is assumed 
that it is required three months of work for two people.
• Approval costs are not being considered because the Designated National 
Authority in Peru -CONAM- does not ask for approval fees (Cigaran 2004b). 
CONAM and participant public institutions subsidised these costs, which it 
has been estimated as US$ 4.7k per CDM project. CONAM covers about 
70% of the approval costs (Cigaran 2004a).
• Validation costs of US$ 15k, considering current market prices with 
dropping validation costs as competition between Designated Operational 
Entities grows. These costs are based on international validators as to date 
there is no Peruvian Designated Operational Entity. Validation to be carried 
out three times during every crediting period of 7 years.
• Registration costs of US$ 5k, based on the CDM-Executive Board initial 
administration fee at registration stage of a CDM project with average 
emission reductions of less than 15 ktC02e/year (UNFCCC 2004c). All of 
the projects studied reach the threshold of emission reductions, see Table 4.
9 Prolnversion and The National Fund of Environment or FONAM in Peru are in charge of promoting and funding 
pre-investment in CDM projects respectively (CONAM 2003). FONAM also trades CERs in Peru.
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• Monitoring costs of US$ 3k, assuming the plant operator carries out this 
task with training provided. A basic computer is installed in each plant.
» US$ 16k is assumed for verification and certification costs. This is based on 
the same Designated Operational Entity as for validation stage, which is 
permitted for small CDM projects under the Marrakech Accords (UNFCCC 
2001b). As validation, verification and certification need to be undertaken 
each 7 years.
• Legal review costs of US$ 10k assuming advice from local legal experts on 
developing letters of understanding, agreements, loans, etc.
• Trading costs include transfer and registration costs of CERs. These costs 
are subsidised for small projects by the government because institutional 
capacity has already been created. FONAM deals with trading CERs, see 
footnote 8.
The findings of the Peruvian analysis estimate minimum transaction costs of US$ 
64k for a small CDM project. These costs are higher than a single project; for 
instance, the investment for Yumahual MHP project is US$ 42k, see Table 4.
Table 5 summarises the main components of transaction costs for CDM projects in 
Peru. It shows that 55% of the total transaction costs occur before implementing the 
CDM project; from which >40% correspond to the validation costs. In the 
implementing stage of the CDM project, verification and certification costs are the 
highest as they represent >50%.
Table 5 Transaction costs for CDM projects in Peru
CDM Stage____________ Component_____________  Cost per project (k US$)
Pre-Implementation Search costs 5
Development of FDD 10
Approval costs 0
Validation costs 15
Registration costs 5
Implementation Monitoring costs 3
Verification and certification costs 16
Review costs 10
Trading Transfer costs 0
Total transaction costs 
Transaction costs unit (USS/tCOz)
64
53 °
(*) Assuming Yumahual project with the highest emissions reductions -1197 tC02 in 21 years.
These findings demonstrate that developing and applying simpler modalities and 
procedures than those established for small CDM projects are necessary to further
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support very small projects such as mini and micro projects. Other studies stress 
this view (see for example Michaelowa et al. 2003, p275). From this analysis two 
possible ways to reduce transaction costs and encourage small CDM activities are 
suggested:
i) The first could be by reducing third party services. For that the development 
and use of standardised FDD and baselines per country is needed. This could 
enable small projects to submit PDDs directly to the Executive Board for 
registration without validation; after the approval of the host government. In 
this way, it is avoid the use of a Designated Operational Entity for validation.
ii) The second by minimising verification and certification costs that can be
possible by consulting Designated Operational Entities from developing 
countries, as they tend to require lower fees than the ones located in western 
countries. However, it is expected not many institutions from developing 
countries to apply for accreditation Designated Operational Entities, especially 
in African countries, due to the lack of national capacities10. Validation and 
verification/certification of projects represent costs that developers or investors 
of small projects cannot afford.
3.2. Bundling micro-hydro projects
As established in the previous section transaction costs are far too expensive to be 
afforded by one small CDM project. Hence, a scenario of seven micro-hydro 
projects bundled as one CDM activity is evaluated. The following are the basis for 
this analysis:
» The seven small projects are located in the same geographical area:
Cajamarca, Peru. This fact allows an easier development of the FDD and
baseline calculations.
• They have the following characteristics for small CDM projects, these are 
based on their definition under the CDM (UNFCCC 2002b), see also Table
II.2 in Appendix II:
o The same project type: renewable (Type I)
10 Until August 2004 eight entities were certified from a list of 25 applicants; from which only four were from 
developing nations, three entities were in Asia and one in Latin America. The other 21 applicant entities (85% of 
the total) were in the US, Europe and Japan (UNFCCC 2004h).
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o Two different categories: electricity generation by the user (Type I.A) 
and mechanical energy for the user (Type LB).
o They share the same technology: micro-hydro.
This bundling proposal is not defined within the four cases under the CDM 
bundling, see Table 3. Hence, a fifth case is suggested: Case (v) same type, 
different category and same technology.
• The end use of the electricity and the baseline fuels for the villages where 
the projects are located are the same. Basic services and domestic are the 
main activities. Based on that, there are three baselines: mini-grid diesel 
generators, kerosene and grid electricity. The first are used in some villages 
for lighting and powering small machines; the second is a common fuel for 
lighting in rural Cajamarca. The grid electricity is a baseline scenario for the 
villages that have chances (in the future) to be connected to the national 
grid.
• The installed capacity is 245 kW, an annual electricity consumption of 350 
MWh and a total investment of 520k US$, in Table 4.
• The average emission reductions are 313 tC02/year; or 6573 tC02 during 
21 years of crediting period, assuming three stages of seven years each. 
See also Table 4, the details of this calculation are found in Chapter V, 
Section 5.3 and 5.4 Domestic and industrial hydro communities respectively.
• One enterprise manages the project and proposes it as CDM. The financial, 
administrative and technical aspects are arranged by this institution. In this 
way, the pre-implementation and implementation of the bundle are less 
complex.
Bearing in mind the above assumptions, the transaction costs for the bundled 
projects in Peru are considered to reach US$ 190k, in Table 6. This figure is in the 
range of a previous study which estimates transactions costs from US$ 165-250k 
per bundling solar, energy efficiency, biomass and hydro projects in African 
countries Green et al. (2002, p41). It is also similar to a second study based in 
bundling small wind plants in India, which establishes transaction costs of US$ 
175k (Mundaca et al. 2005, p406). The figure for Peru originates from the following 
justifications:
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• Search costs of US$ 40k, which are the same as for single project times the 
number of projects. Here it is assumed that pre-feasibility studies and 
engineering design are partly subsidised by the government.
• The project proposal costs are US$ 30k and include the development of the 
FDD, baselines and stakeholder comments. These are based on consulting 
Latin American experts. It considers the development of three baselines 
scenarios and the fact that there are seven rural locations to include in the 
project description each with correspondent stakeholders comments. The 
last is organised locally as the villages lack internet and telephones facilities.
• Approval costs, idem as for single project: it is not considered because the 
Peruvian Designated National Authority subsidises the fees.
• Validation costs of US$ 30k, assuming double of typical validation costs for 
a single project.
• Registration costs of US$ 5k because the bundled projects reduce C02 
emissions by only 313 tC02/year, which represents far less than 15 
ktC02e/year.
• Monitoring costs of US$ 25k for training operators and for installing basic 
computers in each plant.
• US$ 40k is assumed for verification and certification costs. Using standard 
monitoring methods and sampling 2-3 projects per every seven projects.
® Legal review costs of US$ 10k consulting local legal experts.
• The trading costs (brokerage and registration of CERs) are assumed to be 
US$ 10k.
The total transaction costs of US$ 190k represent >30% of the investment costs for 
the seven projects. It rates at US$ 30/tCO2, considering the total emissions reduced 
in 21 years. This estimation is threefold higher than for a single project. It would be 
unreasonable to invest that amount if a MHP plant of 80 kW can be developed with 
US$ 11 Ok, see Conchan in Table 4; unless the revenues from CERs are attractive. 
The findings for Peru show that bundling seven small projects it is not enough to 
reduce transaction costs because they do not reduced enough emissions and 
capital costs are still high.
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Table 6 Transaction costs for MHP projects in Peru
Component Costs per bundle Justification
_______________ (k US$)_____________________________
Search costs
Development of FDD
Approval costs 
Validation costs
Registration costs
40
30
0
30
5
Assuming the pre-feasibility studies and 
engineering design are subsidized by the 
government.
Considering similar baselines and standard 
methods applied. Also similar regional areas for 
implementation.
Revision of the FDD by a local certifier or 
Designated Operational Entity.
As the total emission reductions are less than 15 
ktC02/year (UNFCCC 2003)
Monitoring costs 25 Operators would carry out the monitoring, which 
it is accounted in the plants’ annual running 
costs. However, training costs and computer 
facilities are assumed here.
Verification and certification 40 Costs for each crediting period. It is assumed
costs that local certifiers or Designated Operational 
Entities would undertake these tasks as per 
validation.
Review costs 10 Local legal advisers are contracted and support 
from the governmental agencies is received.
Transfer costs 10 Transfer of CERs to the national registry
Total transaction costs 190
Transaction costs unit 
(US$/tC02)
29 n
(*) Assuming 313 tC02/year in 21 years reduce 6573 tC02 when seven micro-hydro projects are bundled.
The Peruvian transaction costs figure is lower than the suggested by Michaelowa ef 
a/. (2003, p273) of 100 Euro/tC02 for projects reducing between 200-2000
tC02/year. However, it is still much higher than for large projects that range
between US$ 0.19-0.71/tC02 (Michaelowa et al. 2005, p515 and 2003, p268). This 
estimation is based on data from projects developed by the Prototype Carbon Fund 
in different South American and South African countries.
The estimated transaction costs for Peru show that search and the verification and 
certification costs represent the main sources of expenses. Table 5 identifies that 
the pre-implementation stage costs >55% of the total transaction costs, from which 
38% corresponds to the search costs. In the implementing phase 47% corresponds 
to the verification and certification work. Apart from the suggestions made in section
3.1, the following is proposed for bundling:
i) In the case of energy projects, the search costs could be reduced if 
governmental institutions such as the Ministry of Energy and Mines in Peru
propose potential energy projects as CDM. This is based on the concept of
443
Chapter VII Cajamarcan energy projects as CDM
unilateral CDM11 which has also been repeatedly suggested as a way to 
promote small projects (Mundaca et al. (2005, pp.399-418), Laseur (2005, 
pp52-54), Jahn et al. (2004 pp.21-22), Begg et al. (2003, p23), Sutter (2001, 
p27) and Heister et al. (1999, p277)). The Peruvian projects may already have 
feasibility studies because they may be part of national plans for rural 
electrification, as is the case for Peru. It is recognised that this could contradict 
the policy addionality criteria12, which could be a barrier for small CDM projects 
rather than as a safeguard. However at COP-11/MOP-1 in December 2005 
projects in developing countries would be considered additional even under 
such policies to avoid perverse outcomes. It is also important to consider that 
policies are not always consolidated, especially in developing countries where 
political, bureaucracy and corruption circumstances play crucial roles. Further 
discussion on this is found in section 4 -Additionality: Barriers for small projects 
in Cajamarca.
3.2.1. Sensitivity analysis
A sensitivity analysis for bundled micro-hydro projects is carried out to examine the 
minimum number of projects necessary to handle transaction costs and the 
financial viability. This considers total transaction costs of US$ 190k -with US$ 40k 
for every crediting period for verification and certification-. The justification for each 
breakdown cost is presented in the next table.
The sensitivity analysis model determines internal rate of return -IRR- and net 
present values -NPV- for the seven groups of bundled projects. These groups are 
sets of 7, 14,21, 42, 84, 168 and 336 MHP plants and they are examined in three 
cases:
A. It is without the CDM, it examines business as usual scenario (BAU);
B. It assumes bundled CDM projects with a CER price of US$ 3/tC02 and
C. It assumes bundled CDM projects with a CER price of US$ 10/tCO2.
11 Unilateral, bilateral and multilateral are the three institutional design options for CDM projects (Baumert et al. 
2000). Under the unilateral design the project supplier is the project owner who designs, implements and finances 
the project. In a bilateral desing the porject suppliers and investors negotiate and decide on the project 
development, financing and sharing of costs and benefirs on a project. Finally, a multilateral desing is where single 
investors indirectly invest in CDM projects via an independent fund.
12 Policy additionality refers to what would have been done anyway in the absence of the project. For example, if a 
country has a policy to implement small hydro projects in rural areas under the policy additionality criteria this type 
of project would not be accepted as CDM. This is small hydro projects will be implemented anyway and they do not 
need the CDM tool to support that. For more see Chapter I, Section 4.1.4. Policy additionality.
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These prices are conservative and based on the CDM market; e.g. the Dutch 
Certified Emissions Reductions Procurement Tender -CERUPT- established CER 
prices between 5-9 Euro/tC02 (Center International 2001) and the Prototype 
Carbon Fund transactions are priced at 3-4 Euro/tC02 (PCF 2002).
The question to answer here is: how many projects are needed to bundle to cope 
with transaction costs and with minimum investment criteria? The following are the 
general premises applied for this analysis:
• Projects of the same type (Type I), different category (Type IA  and I.B) and 
the same technology (micro-hydro) are bundled.
• Financial and technical data of the MHP projects is used from this thesis.
• A project lifetime of 21 years and an electricity fee of US$ 0.11/kWh are 
applied. This fee is conservative and based on the rural Peruvian average 
consumption of < 1MWh/year/hh13, which represents an annual expenditure 
of about US$ 10014.
• A low discount rate of 5% for the financial analysis is applied because the 
projects are aimed for development purposes. It is acknowledge that this 
discount rate can be challenged as it is subjective and depends on who 
carries out the analysis and the investor criteria. Here it is only applied for 
illustrative purposes.
• The capital costs are divided into four stages: planning, civil engineering, 
electrical work and distribution with respectively average costs of 15%, 48%, 
15% and 20%.
• The annual operating costs are between 2-4%; they increase with the plant 
age.
• The community owns the projects and they are represented by the public 
authority and a local committee. Experts on micro-hydro technology are the 
developers.
• The finance is available with a loan of 80% of the total capital costs at 10% 
of interest rates and two years of grace. The local government and
13 This figure is taken from Chapter VI, Table 8.
14 This expenditure corresponds to less than 10% of the total household income of US$ 1280/year, data from 
Chapter IV.
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communities invest the remaining 20%. See Table 111.1 in Appendix III for 
details.
3.2.2. Results of sensitivity analysis
The results for case A, refer to Table 7 and Figure 1, suggest that without CDM 
intervention the IRR of bundled projects is <5% and the NPV is negative decreasing 
from the 7 to 336 projects at a discount rate of 5%. For example, implementing 336 
projects at the established conditions provide -US$ 850k of NPV. Hence, under 
business as usual situation it does not make financial sense to invest in these 
projects because of high capital costs of the technology, loan payments and low 
electricity rates. This can improve if the project owner -local government and 
community- adopts more than 20% of the capital investment.
Table 7 Sensitivity analysis results for micro-hydro bundled projects
No MHP 
projects
Capacity
(MW)
Case A (BAU) Case B (US$3/tC02) Case C (US$10/tCO2)
IRR NPV IRR NPV J IRR NPV
7 0.24 4.6% -$18k 0.4% -$224k 1.0% -$198k
14 0.5 4.6% -$35k 2.5% -$231k 3.1% -$179k
21 0.74 4.6% -$53k 3.2% -$237k 3.8% -$160k
42 1.5 4.6% -$106k 4.0% -$256k 4.6% -$101k
84 3.0 4.6% -$213k 4.4% -$297k 5.0% $15k
168 5.9 4.6% -$426k 4.6% -$376k 5.2% $248k
336 11.8 4.6% -$852k 4.7% -$535k 5.4% $713k
To illustrate this let’s consider that 336 MHP plants with 12 MW of capacity and 
producing 17500 MWh/year15 of electricity are implemented with capital costs of 
US$ 25 million, see Table 8. The electricity can be used by 25000 families16. If they 
invest 20% of the capital costs (about US$ 200/family which can be paid during the 
year of implementation of the plant) and if the government contributes with a 
subsidy of at least US$ 850k to balance the basic financial criteria. Then, it can be 
said that under the business as usual with strong public and community 
participation it is possible to implement these projects if development benefits are 
put at first.
Case B results show that the IRR is also less than 5% and the NPV is negative for 
all the bundled projects; demonstrating that the revenues from selling CERs at US$
16 Assuming a load factor of 50%, which is an average value from the studied MHP plants. This is realistic 
because the seven plants analysed are used for a mix of services from lighting to small production facilities.
16 Considering an average household consumption of 0.7 MWh/year.
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3 are not enough to deal with the transaction costs and minimum financial criteria. 
However, the NPV results for 336 projects are better for case B than for case A as 
their NPV are -US$ 535k and -US$ 850k respectively. This shows that the CERs 
revenues help the returns of the projects. This also demonstrates that bundling is 
less financially attractive for a small number of projects such as 7, 14 and 21. The 
transaction costs are still high in proportion to the capital costs and the amount of 
CERs for trading is low.
Case C presents IRR higher than 5% for the groups of 84, 168 and 336 projects. 
These groups also have positive NPV results starting with US$ 15k, 250k and 710k 
respectively. This illustrates that the bundled projects could overcome transaction 
costs and be financially viable if CERs are sold at US$ 10 and more than 84 
projects of 3MW are bundled. This could only be possible if the market for the CDM 
increases, which could happen with the European Emissions Trading Scheme17, 
where this market-mechanism is also accepted. The results also show that for less 
than 42 projects of 0.7 MW bundled negative NPV are obtained. A previous study 
also correlates these results demonstrating that bundling seven small hydro 
projects of 2.2 MW negative financial indicators -a t discount rate of 12% and loan 
rate of 9%- are achieved due to the high capital costs, see Green et al. (2002, p41).
Figure 1 Sesnsitivity analysis results for micro-hydro bundled projects
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6 %
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^  4%  
!% 3%
2 %
1 %
0 %
150 200 30 0 35 00 50 100 25 0
N um be r  of  micro-hydro projects  
♦  C a s e  A ( B A U )  m C a s e  B ( U S $ 3 / t C 0 2 )
C a s e  C ( U S $ 1 0 / t C 0  2)   L i n e a r  ( C a s e  B ( U S $ 3 / t C 0 2 ) )
 L i n e a r  ( C a s e  C ( U S $ 1 0 / t C O 2 ) )  -  -  -  - L i n e a r  ( C a s e  A ( B A U ) )
17 The EU Emissions Trading Scheme involves more than 12000 plants across the EU, it aims to reduce 45% of 
the total EU C 02  emission targets under Kyoto and allows applying the CDM. For more see Chapter I, Section 
3.5A. CDM activities.
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Hence, under the current circumstances -technology price, transaction costs and 
CER prices- there are three main conditions to make small CDM projects such as 
micro-hydro financially feasible: a) A large number of bundled projects, more than 
80 equivalent to 3MW; b) Bundling with projects of higher CER and c) Higher CER 
price.
However, it is important to highlight that the financial incentives still remain weak for 
private investors bearing in mind the range of risks related to the CDM. For 
instance, 84 bundled projects require >US$ Gmillion, obtaining NPV of only US$ 
15k -in 21 years and 5% discount rate- and CER revenues of US$ 250k, which 
allow for the financing of the technology. See Table 8. These projects need to be 
encouraged and accepted as development activities if they were to exist as CDM.
Another question is; is it possible to implement the 336 projects in only one 
country? This depends on the country potential and the realistic capacities -  
expertise, financial and organisational- to carry out the task. Regarding the hydro 
potential, FONAM (2001, p13) establishes that the national small hydro capacity is 
about 1000 MW from which the government plans to install 7MW of small off-grid 
hydro systems during 10 years, from 2003- 201218 (MINEM 2002c).
Table 8 Bundling micro-hydro projects, case C (CER=US$10/tCO2)
Number of projects 84 168 336
Total reductions (ktC02) 79 158 201
Installed capacity (MW) 3 6 12
Expected electricity demand 
(MWh/year)
4290 8580 17161
Number of families 6250 12500 25000
Total capital costs (US$million) 6.3 12.5 25
CER revenues (US$million) at 2003 251 742 1.7
NPV (US$ k) 15 248 713
The answer to the second condition for implementing such large number of projects 
is not promising as the example of Peru shows at governmental level with its rural 
electrification plan. Furthermore, at non-governmental level the situation is not
18 This is under the plan for rural electrification in Peru, which seems quite ambitious because there are not well- 
defined financial sources. So far, the targets for 2003 have not been reached in 1% planned capacity, Chapter I, 
country context section elaborates more about this plan.
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better; for example, Intermediate Technology Development Group (ITDG) has been 
working in Peru on energy projects for more than 10 years during which about 25 
projects have been installed so far. With a total capacity of < 1MW. Financial 
assistance of < US$ 1 million was obtained via Inter-American Development Banks. 
Sanchez (2004) estates that developing micro-hydro projects in Peru faces many 
project barriers such as lack of capital, institutional and social barriers, complex 
implementation processes due to geographical conditions and long implementation 
periods of not less than two years per project.
In other words implementing small rural systems, as micro-hydro plants are 
complex tasks in themselves, financial constrains is only one of the problems. 
Hence, carrying out 336 projects would be very difficult for only one institution and 
would take many years, >10 even if technical expertise in the country were 
available. With that in mind, it is recommended the following for micro-hydro plants:
• They should be bundled with other technologies that provide higher emission 
reductions, such as biomass or methane conversion for energy use. For 
example; EcoSecurities (2000, p21) establishes that a 2 MW biomass plant of 
20 years of lifetime gives emission reductions of 35 ktC02/year, while a set of 3 
MW micro hydro plants would only give 3 ktC02/year.
• They should be bundled with projects and/or in other countries with higher 
baseline fuel consumption than in Peru. For example: Argentina where rural 
households consume 255 litres/year of kerosene Ybema et al. (2000, pi 2), 
while the rural Peruvian average consumption is 140 litres/year (Solis et al. 
2003, p265). It is acknowledge that bundling projects in different countries might 
present institutional problems as two or more Designated National Authorities 
would be involved. This can make the process of proposing a multi-country 
bundle far more complex.
• The development of standardised host countries’ PDDs and baselines for rural 
electrification projects can support the previous point. These standardised 
PDDs and baselines should be encouraged by countries’ NGOs, developers 
and academia.
3.3. Bundling solar home systems
A similar exercise as for micro-hydro bundling is carried out for solar technology 
under the following assumptions:
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• The project to be bundled is installed in the same geographical area: 
Cajamarca, Peru.
• They have the following characteristics based on small-scale CDM definition 
(UNFCCC 2002, see also Table 11.2 in Appendix II):
o The same type: renewable (Type I)
o The same category: electricity generation for the user (Type LA)
o The same technology: solar home panels.
The bundling proposal under the CDM corresponds to case (i) shown in 
Table 3.
• Each stand-alone solar panel is of SOW of capacity and is installed in rural 
households for lighting. There is only one baseline scenario19: kerosene; 
this is based on historical fuel consumption.
• Each panel has an operating life of 21 years and reduces 0.3 tC02/year. It is 
assumed a credited period of seven years in three stages. See also Table 4 
and for the details on baseline calculation, see footnote 18.
» The government and the community own the panels. Experts in rural energy 
developments are in charge of the CDM proposal and for rising the funding, 
administrating and implementing the SHSs.
« The investment is derived from a 80% loan at 10% interest rates over 10 
years with 2 years of grace period, the remaining 20% is provided by the 
owners.
• A tariff for the electricity service of US$ 0.11/kWh is applied.
» Operating and maintaining the equipment is considered in the annual costs, 
they are based on data availability from the studied projects.
• The transaction costs are US$ 155k before implementing the project and 
US$ 30k for verification and certification in each crediting period. The next 
table specifies and justifies these costs. See also to Appendix III, Table I.2 
for the details.
19 Refer to emission reductions calculation in Chapter V, Section 5.5 Type IV  Domestic solar communities.
450
Chapter VII Cajamarcan energy projects as CDM
Table 9 Transaction costs for solar projects in Peru
Component Costs per bundle Justification
______________________  (k US$)_____________________________
Search costs
Development of FDD
Approval costs 
Validation costs
Registration costs
40
15
0
30
5
Assuming the pre-feasibility studies and 
engineering design are subsidized by the 
government.
Considering similar baselines and standard 
methods applied. Also similar regional areas for 
implementation.
Revision of the FDD by a local certifier or 
Designated Operational Entity.
As the total emission reductions are less than 15 
ktCOa/year (UNFCCC 2003)
Monitoring costs 15 Users carry out the monitoring. Training costs 
are assumed here.
Verification and certification 30 Costs for each crediting period. It is assumed
costs that local certifiers or Designated Operational 
Entities would undertake these tasks as per 
validation.
10 Local legal advisers are contracted and support
Review costs from the governmental agencies is received.
Transfer costs 10 Assuming a low commission of 1% for local 
traders.
Total transaction costs 155
Transaction costs unit 
(US$/tC02)
25(1
(*) Assuming 1000 SHSs, at 0.3 tC 02/year/SHS in 21 years, reduce 6300 tC 0 2.
In this analysis search, validation and verification costs show to be the highest 
costs as they represent 25%, 20% and 20% respectively of the total transaction 
costs. This was also the case for micro-hydro. The development of FDD and 
baseline show to be lower than for bundling micro-hydro because there is only one 
baseline to estimate. The monitoring costs are cheaper than for micro-hydro plants 
because their users operate the solar panels; this task requires local training to 
collect data and costs to put the data together in a form of a report.
3.3.1. Sensitivity analysis
Case A (BAU), case B (US$3/tC02) and case C (US$10/tCO2) are also explored 
here with a discount rate of 5%. It is assumed that the bundled project started in 
2003 when the analysis was undertaken.
Five groups of bundled projects are evaluated; they have 50, 2100, 4200, 16800 
and 100000 SHSs respectively. The bundles range from 2.9 kW to 5 MW of 
capacity.
3.3.2. Results of sensitivity analysis
The NPV results for the five groups show that the revenues from selling CERs do 
not increase the financial incentives for investors of solar technology in Peru. For
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instance, bundling 16800 solar systems with less than 1MW require an investment 
of US$ 8.4 million. Negative NPVs for the three cases A, B and C are found. The 
last case represents the best NPV demonstrating that the high CER price can help 
coping with high technology costs and transaction costs. It is important to state the 
solar panels are still very expensive in comparison to hydro technology in Peru; the 
unit cost is US$ 18 k/kW and less than US$ 2 k/kW for solar and hydro respectively 
(figures from Chapter VI, section 6.2). Solar technology is still expensive in Peru 
and its implementation depends more on the financial sources and country 
initiatives more than on the CDM. Also, emissions to be reduced from this project 
type are small; this does not help its inclusion into the market mechanism.
Table 10 Sensitivity analysis results for solar bundled projects
No
SHS
Capacity
(MW)
Total capital 
costs 
(million US$)
Case A 
(BAU)
Case B 
(US$ 3/tC02)
Case C 
(US$ 10/tCO2)
NPV 
(million US$)
CER
revenues
(US$/year)
NPV
(million
US$)
CER revenues 
(US$/year)
NPV
(million
US$)
50 0.0029 0.025 -0.02 45 -0.2 150 -0.2
2100 0.105 1.0 -0.9 1890 -1.1 6300 -1.1
4200 0.21 2.1 -1.8 3780 -2.0 12600 -1.9
16800 0.84 8.4 -7.4 15120 -7.5 50400 -7.1
100000 5 50 -44.2 90000 -43.4 300000 -40.9
Note: The financial analysis only shows the results of NPV as the IRR results are less than 0%
With that in mind, the only way to promote this technology under the CDM would be 
by incrementing the electricity fees, by increasing the price per tC02 and by 
providing government subsidies. However, higher electricity fees cannot be 
afforded by rural users and the chances of such a premium price per tC02 is 
subject to the current carbon market. As explained before the Peruvian government 
is not implementing off-grid projects within its rural electrification policies, it is only 
focusing on best cost-effective technologies such as off-grid diesel generators, see 
footnote 17.
The analysis of bundling micro-hydro and solar projects is not carried out because 
the amount of emission reductions is low for both technologies and the capital costs 
of solar is too high. It is recommended to carry out studies with other technologies 
using details financial and technical data.
3.4. Conclusions
This analysis shows that bundling micro-hydro plants as CDM activities can support 
this technology if more than 80 projects are grouped to achieve basic financial
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viability -NPV US$ 15k in 25 years at 5%. It can be concluded that selling CERs 
can support the financing of micro-hydro technology in Peru. However, solar 
technology in Peru is still an expensive option as CDM, due to very high capital 
costs -US$ 18k/kW- and low emission reductions.
Because of the low emission reductions of MHP and solar projects in Peru, 
bundling them with other higher emission reduction technologies such as biomass 
or with countries of greater baseline levels could provide better chances as CDM 
initiatives. For the latter, standardised PDDs and baselines per country are 
recommended to develop in order to make the CDM project proposal affordable.
It is suggested that a bundling organisation20 could be in charge of these activities. 
This entity could be a development agency with experience in the technologies at 
developing country level and interest in the CDM. It would be responsible for 
proposing the bundling of different projects in developing countries to the CDM- 
Executive Board. Then taking the bundled project through the CDM cycle and for 
contacting the Designated Operational Entities for validating, verifying and certifying 
the project. It would also Hase with the Designated National Authorities of host 
countries -and donor countries in the case of bi or multilateral development-. 
Figure 2 provides an overview of how bundling could work.
At the same time, in order to encourage small CDM activities, a reduction in 
international consultancy services is needed. E.g. eligible small projects would be 
allowed to submit a PDD directly to the Executive Board for registration, providing 
that the Designated National Authority of the host country has previously approved 
the project. The verification and certification costs could also be minimised by 
allowing local internationally recognised certifiers or even by the Designated 
National Authority to undertake the task.
On the other hand, it is also important to highlight that developing large groups of 
micro-hydro projects requires country expertise and structured organisational 
frameworks. These are not always available in poor countries.
So far the Peruvian government has been very active in setting up institutional 
capacities to deal with the climate change policies, especially the CDM. This allows 
flexibility and support for overcoming the transaction costs of small CDM projects as
20 Up to date there is not such a entity. IT Power has been working with project developers in India to promote the 
founding of bundling organisations. A report from this initiative suggests a business plan for a bundling organisation 
in India and establishes minimum bundling fees of US$20k/proposal (Mariyappan et al. 2005, pp25-31 ).
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the subsidy of approval costs, the promoting institutions and the trading capacity 
demonstrates. However, support on approving and promoting small projects is still 
needed; under the national strategy CONAM recognises the national potential for 
small activities but it does not mention a strategy to promote these projects 
(CONAM 2003). Hence, it can be concluded that in Peru there is the willingness 
and capacity to support CDM implementation in general, but there is still room for 
improving the promotion of small CDM projects.
Figure 2 Bundling small CDM projects
CDM Executive 
Board
CDM bundling entity 
e.g. development agency
Designated National Authorities 
Designated Operational Entities
SHS projects
SHS projects
projects : ; ,
N o tes:
 B u n d lin g  w ith  o th e r p ro jec ts  th a t p ro d u ce  h ig h e r em is s io n s
 Bundling with countries of greater baseline levels
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4. Additionality: barriers for small projects in Peru 21
Additionality assesses whether a CDM project’s emission reductions would have 
occurred in the absence of the project and whether the project is implemented 
without overseas development aid. It is one of the three criteria for CDM eligibility. 
The other two are the reduction of emissions and the sustainable development 
delivery of host countries, refer to Chapter I, Section 3 The CDM in practice for a 
discussion on each criterion. Figure 3 provides a flow chart to check CDM eligibility 
for bundling small renewable projects, Type I under the CDM.
This section evaluates the main barriers for implementing micro-hydro in Peru. It 
applies the barriers approach22 which states that project proposals are additional 
under the CDM if they pass the barrier test and demonstrate real barriers to 
implementation. The IEA and OECD (1997) first introduced the approach; then it 
was applied by Begg et al. (2002) and by Probase (2003). It is considered as part of 
the consolidated tools for demonstrating additionality suggested by the Executive 
Board of the CDM (UNFCCC 2004e). Besides, it is also recommended in the 
simplified procedures for small-scale CDM proposals (UNFCCC 2004). The last 
requires a set of four main barriers: investment, technological, prevailing practice 
and others.
The Cajamarcan micro-hydro projects follow this framework to assess their 
additionality as CDM projects. This is carried out at two levels: project and country. 
These are discussed in Section 4.1 and Section 4.2. respectively.
21 This section only focuses on micro-hydro technology. Solar technology is not included as only details for one 
project are considered to be insufficient to establish barrier for its implementation.
22 A full discussion of additionality is introduced in Chapter I, Section 4.1. Additionality concept.
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Figure 3 Flow chart: Bundling Type I Renewable energy projects
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4.1. Barriers of MHP technology at local level23
4.1.1. Trinidad MHP plant24
This 5 kW plant is privately owned and it was installed in 1997. The plant was 
financed by 16% and 80% grant and loan respectively. Both provided by the ITDG- 
Peru. The electricity is used for domestic purposes -22 households- and to power a 
battery charging station.
Investment 
• High capital costs of low capacity micro-hydro projects
The objective of this plant was to develop a community electricity service. As the 
owner is a local private investor this has developed entrepreneurship at rural level. 
The costs per installed capacity of this plant are US$ 4k/kW, while the average 
costs of this technology in Peru are US$ 2.9k/kW25. The NPV26 for Trinidad is US$ - 
7.6k -at 2003, based on project length of 25 years and using average inflation rates 
as discount rates -, The electricity fee applied is not enough to cover the basic costs 
of the system; as a result two problems have occurred. The loan is not being 
repaid; this has affected the relationship between the owner and the developers. 
The second is that the plant operation is at risk as there is no technical support from 
the developers. At the same time, the users are not willing to pay an increased 
tariff27 as they are not completely satisfied with the management of the service.
From this experience it can be concluded that very small micro-hydro projects, 
<10kW, cannot be financially viable -under current business as usual conditions- for 
private investors unless they are used for production purposes. At present, the 
service is expensive for the users and it is not profitable for the owner. If it really is 
the only alternative for community electrification then it is recommended it should 
receive help from local finance or governmental support -with grants of more than 
20% of the capital investment. Besides this it would also be necessary to apply 
electricity fees able to cover O&M, admin and replacement costs. It is
23 This barrier assessment is adapted from Section 6 Lessons learned from energy projects found in Chapter VI.
24 Detail information on each project can be found in Chapter III.
23 This is based on data from the seven projects studied, Chapter VI, section 6.2.2.
23 See Chapter VI, on Table 9.
27 The monthly fee is S/20/household, accounting that the annual consumption is 324 kW/household; a tariff of 
US$0.21/kWh is being applied. However, the regional grid charges US$0.11/kWh.
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acknowledged that at present funding for this type of project is not available through 
commercial or public sources.
Technical 
• Plant performance due to lack of local technical capacity
The owner is the operator of the plant who received full O&M training from the 
developers. At the beginning of the plant operation -from 1997 to 2000- the 
developers were involved in advising and solving technical problems. Since the 
owner stop re-paying the loan, he avoided contacting them for professional support. 
Hence, when technical problems happen the performance of the plant was at risk 
because he has been repairing the system himself or using contracted electricians 
-not necessarily hydro plant experts- from the main city of Cajamarca. There were 
occasions, when the plant had to be shut for weeks, as no technicians were able to 
repair the equipment or due to the lack of local technical suppliers in the region. On 
some occasions the problem was because of deficiency in funds to pay for the 
repair or to buy the replacement parts. In addition because the plant capacity is too 
small to provide electricity to more than 22 households and the system is being 
over used. Due to the lack of electricity meters -in the plant and in the houses- is 
not possible to be certain about its generation. However, desk calculations suggest 
that the plant is operating at a load factor >80%28. Therefore, under business as 
usual the technical barriers to this micro-hydro plant are lack of local human 
capacity to solve technical problems and absence of local distributors of the system 
spare parts. Also a lack of project funds to carry out for repairs remains a barrier. 
Additionally, over using the system can alter its performance.
The developers trained the owner on O&M of the micro-hydro plant but there are 
occasions when more specialised advise is needed; hence, continuous training 
programmes should apply. For example, a week-long course twice a year in any of 
the plants implemented can be carried out showing the technical details of a 
specific problem. Technical bulletins orientated for MHP plants’ operators could be 
developed explaining practical case studies on how to solve technical problems. 
The initiative costs could be included as part of the project development with a 
reasonable fee to cover expenses or a membership quota can be requested.
28 Load factors for all the projects are taken from Chapter VI, Table 10.
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Collaboration from colleges, universities and local authorities could also be 
requested.
It is also important to stress that a good relationship between the developers and 
owners of the plants needs to be built and kept to ensure standard performance.
Management 
• Lack of user involvement on private projects
As a privately owned project, the management of Trinidad MHP plant does not 
always involve the costumers in the decisions regarding the plant. This causes 
discontent among them, which is demonstrated in their unwillingness to increase 
the electricity fee due to poor management service and lack of communication. For 
example, on the occasions the plant had to be shut for days due to technical 
problems and lack of local services. Hence, the lack of users involvement in private 
owned projects is a management barrier that can be overcome by establishing a 
feedback mechanism between the two parties. E.g. Planned monthly meetings 
could be organised to discuss the issues of the electricity service from the 
management and users perspectives; the local authority could arrange this 
programme as an independent member of the community.
• Inequality of service provision
In Trinidad due to the low capacity of the plant only 22 out of 70 households receive 
power supply, this has created discontent among the villagers who do not have 
access to electricity. Equal distribution of off-grid electricity services is very 
important for rural villagers; otherwise social conflicts and division of communities 
could happen. Developers and local authorities should avoid participating in similar 
types of projects if they were to serve only part of the community.
4.1.2. Yumahual MHP plant
An 11 kW plant privately owned, installed in 1997 and 87% financed by a loan -US$ 
30k-through ITDG. The electricity is used for small production purposes -incubating 
fertilised eggs-.
Investment 
• Capital costs of micro-hydro projects
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However, the costs per installed capacity of this plant are 30% higher than the 
average costs for micro-hydro plants in Peru, the NPV for this project is US$ 98k -at 
2003 using average inflation rates as discount rates -. This is because the electricity 
is used for production purposes; demonstrating that this technology is an alternative 
cost effective option. Hence, under business as usual circumstances, this project 
could go ahead.
Technical
• Plant performance due to lack of local technical capacity
Yumahual MHP project has managed to operate and maintain the plant without 
major technical problems to date. The developers trained the operator and the 
owner before and during the operation of the plant. Its close location to the main 
city of Cajamarca and to the developer offices puts this project at an advantage, as 
spare parts and technical advice can be achieved. It can be said that under 
business as usual this plant does not encounter technical barriers considering good 
management practice and location.
4.1.3, Chaiân MHP plant
Chalan is a 25 kW plant owned by the local council, it was installed in 1995 and 
>30% was financed by a loan and a grant; the remainder was invested by the public 
authority. The electricity is used mainly for domestic purposes, powering >87 
households.
Investment
e Capital costs of micro-hydro projects
The costs per installed capacity of Chalan MHP plant is >20% than the average 
costs for micro-hydro technology in Peru -US$ 2.9k/kW. The NPV -a t 2003, during 
25 years and average inflation rates as discount rate- is US$ -83.5k. One of the 
reasons for poor returns is the low electricity tariff -US$ 6 cents/kWh-, a minimum 
fee of US$ 16 cents/kWh is estimated to cover the plant’s running cost. Until now, 
the local council has been subsidising this project. Under business as usual 
situation, this plant could be feasible if an appropriate electricity tariff is introduced.
Technical
• Plant performance due to lack of local technical capacity
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The developer provided basic training to operators who also periodically maintain 
the plant’s equipment. Technical support and advice is always available from the 
developers; the fact that Chalan has access to a telephone line makes for easier 
communication. The plant is monitored with an electricity meter and the service 
charge is based on household meters. The system load factor is about 60%, which 
shows good use of the generating capacity. Therefore, under business as usual 
scenario, publicly owned MHP plants can perform normally if continuous 
communication with the developers is practiced and if the basic facilities are 
available.
Social and political
• Users unwilling to pay higher fees
The users of the MHP plant in Chalan are not willing to increase the service fee as 
they argue that the government should subsidise these costs and that other 
expenses can sustain the system. There is a lack of knowledge on how the MHP 
works and poor communication so informative programmes for dialogue between 
the council and users should be organised. In the mean time, risks on the 
sustainability of the system are growing if no funds are being raised for the short 
and long term existence of the plant.
4.1.4. Chugur MHP plant
Chugur is a 75 kW plant owned by the local council, it was installed in 1997 and 
40% and 60% of the total investment was financed by a loan and a grant 
respectively. The electricity is used mainly for domestic purposes, powering 115 
households.
Investment 
• Low electricity fee
Chugur has one the lowest costs per installed capacity at > 50% lower than the 
average costs in Peru. Its NPV result is US$ -70k -a t 2003 valued over 25 years 
and at average inflation rates. Demonstrating that the publicly owned project’s 
finances perform poorly due to low tariff charged -the current fee is 50% lower than 
the minimum rate needed to cover the running costs of US$ 12cent/kWh. The local 
authority has been subsidising the project. Hence, as business as usual this project 
could not be financially attractive. A programme to increase the electricity rate
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progressively should be established to ensure the medium and long-term 
sustainability of this plant.
Technical 
• Low load factor
Since its installation Chugur MHP has not had major technical problems; 
furthermore, th e . good relationship built between the developers and the 
management have made it possible to solve any unforeseen issues. The installed 
meters in most of the users’ households have made it possible to monitor the plant 
performance. Until now, the plant mainly serves domestic users and no production 
facilities have been created; this results in a low load factor, which is <25%. Under 
business as usual, this project should make full use of the electricity available; 
hence, careful feasibility planning is needed to avoid overestimation of plant 
capacities. Alternatively, support is required to create local enterprises, which will 
generate employment and use the electricity available.
Social and political 
• Users’ unwilling to pay higher fees
As a public owned project, Chugur faces the problem of convincing its users to 
increase the electricity fees. The argument here is that the council received a 
substantial grant to implement the plant; hence, the users state that the tariff paid at 
present is more than enough to cover the running costs of the plant. However, the 
medium and long-term sustainability of this project is at risk as no financial 
provisions are in place to cope with unexpected situations. Hence, under business 
as usual circumstances this plant could not operate if the users do not pay for the 
service provided. Again, stakeholder dialogue between the two parties is necessary 
in order to understand the situation; this should be arranged by impartial 
organisations in the community such as the local school or church.
4.1.5. Conchân MHP plant
Conchan is an 80 kW plant owned by the local council and managed by a 
community committee. It was installed in 1995 and 15% and -50% of the total 
investment was financed by a loan and a grant respectively. The electricity is used 
mainly for domestic purposes, powering 176 households.
Investment
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• Low electricity fee
Conchan has one the lowest installed capacity costs at > 50% lower than the 
average costs in Peru due to its high power. However, the NPV result for this plant 
is US$ -148k -a t 2003 over 25 years and at average inflation rates, demonstrating 
that the long-term substitution of the system is not considered. This is due to the 
fact that the council received a substantial grant to undertake this project. For the 
future sustainability of the service measures need to be applied now. For example, 
it is estimated that the present electricity fee is more than 50% lower than the tariff 
required covering the plant running costs -US$ 15cents/kWh. Under business as 
usual circumstances a similar plant’s cannot be financially successful if these 
conditions remain.
Technical 
• Low load factor
The Conchan administration takes care to maintain good operating and plant 
conditions; thus provides a high standard electricity service. Moreover, continued 
contact with the developers ensures prompt technical advice. A large MHP plant -  
80 kW- was installed with the idea of increasing the electricity generation in future 
years. However, it has not occurred as planned, as fewer than expected enterprises 
have been developed. The actual load factor of this plant is estimated as 30%. 
Under business as usual, this project should make use of the full electricity 
available. Hence, feasibility planning is needed to avoid overestimation of plant 
capacities. At the same time, support to create local enterprises using the electricity 
available is required.
4.1.6. El Tinte MHP plant
El Tinte is a 14 kW plant owned and managed by the Atahualpa cooperative. It was 
installed in 1996 and -80% of the total investment was financed by a loan. The 
electricity is used only for production purposes -milk cooling.
Investment 
• High capital costs
El Tinte has one the highest installed capacity costs at US$ 3.2 k/kW in comparison 
to the average costs in Peru. The NPV result for this plant is US$ -37k -a t 2003 
over 25 years and at average inflation rates. This shows that this project is not
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financially sustainable. It does not received income from selling electricity as only it 
is used for production purposes. The financial analysis also shows that this plant 
does not have a fund for replacing its energy supply in the future.
4.2. Analysis of barriers
The following table summarises the barrier analysis for each project. It shows that 
only Yumahual MHP plant passes the barrier test under business as usual situation; 
hence, it would not qualify for additionality under the CDM. However, the rest of the 
five projects demonstrate having enough barriers at current circumstances to be 
feasible projects without the CDM. The overall results suggest that if the projects 
are bundled there are enough barriers for their implementation. Hence, they qualify 
as CDM under the additionality criteria. The main barriers to consider for micro­
hydro technology at local level are low electricity fees, lack of local technical 
capacity, lack of users involvement -information- and unwillingness to increase the 
tariff.
Furthermore, Table 12 outlines solutions to overcome the local barriers of hydro 
technology at rural level in Peru.
Table 11 Business as usual barrier test for micro-hydro projects in Cajamarca
Barrier Trinidad Yumahual Chalan Chugur Conchân El Tinte Totals
Investment
High capital costs - + - + 4" _ -/+
Low electricity fee - n/a - - - n/a
Technical
Lack of local human capacity - + + + + +
Lack of local technical +
capacity . + + + + +
Lack of electricity meters + + + + +
Low load factor +
Management
Lack of users involvement - N/a - - - N/a
Inequality of service provision - N/a - + + N/a - / +
Social and political
Unwillingness to increase - N/a - - - N/a
fees
Total - + - - - - -
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Table 12 Solutions to barriers for micro-hydro technology
Barrier Solution
Investment
High capital costs 
Low electricity fee
Creating revenues from CERs if project is bundled 
Applying a progressive fee increment
Technical
Lack of local human capacity 
Lack of local technical capacity 
Lack of electricity meters 
Low load factor
Building local human capacities
Building local technical infrastructure
Creating funds and installing meters
Creating enterprises and assessing realistic use of
electricity
Management
Lack of users involvement 
Inequality of service provision
Stakeholder dialogue
Developers and local authorities should agree on 
projects considering equality implications
Social and political
Unwillingness to increase fees Stakeholder dialogue
4.3. Barriers to MHP technology at country level 
A) Investment
4.3.1. Shortage of capital at the national level
Lack of local capital and the inability to attract foreign investment in the renewable 
energy sector are the main reasons to hold back the implementation of MHP 
technologies in rural Peru. One of the reasons is that Peru is a country that 
presents risks for the investors (OECD 2003); in 2001 the foreign direct investment 
was the second lowest within South American countries (42 US$/cap). On the other 
hand, the rural electrification policy of the country depends on a government budget 
(which comes from the central government and international loans); the investment 
is mainly centered on the installation of transmission and distribution lines. For 
example, in 2003 a total of US$ 43 millions have been invested in more than 500 
km of transmission and distribution lines (MINEM 2004a). It can be said that Peru 
requires financial support to carry out MHP type of technology.
4.3.2. Lack of financial mechanisms at the local level
The private sector in Peru is not provided with any incentive to invest in MHP 
energy projects. Subsidies to support this technology or other renewable 
technology do not exist (a discussion on subsidies is given in Chapter III Peru and 
projects context). At present, apart from ITDG-Peru, there are no institutional 
mechanisms in the market that combines technical project development and 
financial support.
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At the local level, the high initial cost of renewable technologies puts this alternative 
beyond the means of low-income families, even when the cost of SHS over its life 
cycle is lower than that of the traditional sources of energy (kerosene, candles, 
etc.). The high initial cost is due to the high costs of transportation and installation in 
remote areas. At the local level, this reality presents an important barrier to the 
promotion of MHP technology. Overall, the users do not have access to loans 
because they do not have loan histories or loan guarantees; hence, there is a 
requirement to develop the appropriate mechanisms to promote this technology at 
the local level.
A) Technological 
4.3.3. Technical Expertise
There has been long technical and professional experience in Peru of being in 
charge of project development of similar MHP renewable projects.
The study of the seven MHP projects showed that technical expertise also 
developed during the operation and maintenance of the plants. The technology in 
Peru has progressing since the early 1990s. At present, there are different 
organisations that implement MHP plants. However, at the local level the situation 
is completely different in rural areas of Peru there is almost a complete lack of 
technical capacity in relation to manufactures, installers, operation and 
maintenance of this type of technology. Resources and training are mainly focused 
in the big cities, either the capital of the country or the capital of the region 
(department).
It can be said, that the technological capacity for MHP technology exists at the 
national level and regional level, but not at the community or local level.
4.3.4. Supply of equipment
ITDG-Peru and other organisations have installed a number of MHP plant 
equipment (turbines, generators, penstock, etc.) in the country. The production of 
the MHP plant equipment is mainly carried out in Peru. Some electronic equipment 
is imported from foreign countries. However, the main producers are centralised in 
the capital, Lima, and sometimes the supply of this equipment can take a long time 
and incurs substantial transport costs. Therefore, it can be concluded that even
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when the supply of equipment is available with there are location and financial 
difficulties to face.
4.3.5. Operation and Maintenance Costs
In normal conditions, operation and maintenance costs of MHP technology can be 
covered by the projects. However, in Peru if an unexpected situation occurs such 
as the breakdown of the equipment no provisions are available and this represents 
one of the problems that project owners (local authorities, cooperatives or private 
individuals) have to deal with. In many cases, this situation can force the plant to 
stop operating as long as it takes for the owners to organise the funds. This is 
because no provision is available for maintenance and replacement costs.
C) Prevailing practice
4.3.6. Lack of capacity building
ITDG-Peru and other organisations provide fully experienced staff to implement the 
MHP projects. Within ITDG-Peru there is an Energy department, which employs 
engineers, social workers, economists, etc. ITDG-Peru has been involved in the 
development of MHP technology since the early 1990s. At the same time, there are 
other NGOs or foreign companies carrying out the development of this type of 
technology. Therefore, there is no lack of capacity building for the phases of the 
project implementation.
D) Others
4.3.7. Lengthy development process
The average time spent to conduct the feasibility studies for the set of projects 
studied was about two years. The project construction takes about one to two 
years. Some of the plant’s locations are more difficult to access, especially during 
the rainy season. When the location of the plant is difficult to reach during the wet 
season (four to six months), the work is carried out during the dry season. These 
factors mean that the implementation process takes longer. Adding to this the 
transport costs are also increased. Furthermore, the planning permission to carry 
out these types of projects has to pass through a series of institutions at regional 
level -Ministry of Agriculture dealing with the issue of the use of water resources 
and Ministry of Energy dealing with the permissions of installing an energy plant- 
and local level -local authority dealing with the permission to use the land-.
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Therefore, it can be said that in rural communities of Peru the process of 
implementing a MHP plant can be long due to the geographical and climate 
conditions together with the bureaucratic administrative procedures.
4.3.8. Inappropriate institutional setting
The government of Peru includes in its energy policy the promotion of renewable 
energy technologies (including hydro); moreover, in May 2002 the government 
introduced a Rural Electrification Law, which aims to extend electricity coverage to 
rural areas currently without electricity (MINEM 2002c). This programme is 
managed by the Peruvian Ministry of Energy and Mines through the Executive 
Directorate of Projects. The law is based on a 10-year plan that sets out to achieve 
90% electricity coverage in 2010 from a 75% level at present. About 7 million 
people in Peru live without electricity. As part of the law, the application of 
renewable technologies is included, the rural electrification plan in Peru is aiming to 
invest 5% (about 6 MW of installed capacity) of the total investment in renewable 
projects (MINEM 2004c). The Directorate is in charge of the administration process 
of the possible projects; private or public companies through tender procedures to 
carry out the implementation of the projects. Therefore, there are governmental 
institutions working on the rural energy sector with the object of supporting 
renewable technologies.
4.3.9. Risk of bureaucracy
In Peru, corruption and bureaucracy operate at all sectors and levels (government, 
institutional, administrative, etc.). In general, this affects most businesses and 
reduces the attraction of investors as it increases investment uncertainty. This 
corruption and bureaucracy also affects the energy sector. For example, as part of 
the Peruvian rural electrification programme, tenders are required to implement the 
energy projects. How the decision to select a company is made can be unclear to 
the public. This decision can be subject to the political, financial and social interests 
of the decision-makers.
There is lack of administrative infrastructure and legislative framework related to 
environmental and energy efficiency projects
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4.3.10. Lack of information on renewable technology
At local level, there is not a widespread demand for information on the technical 
and environmental virtues of renewable energy, and the population remains 
skeptical about electricity supply from solar or wind power. This creates a social 
problem when implementing these projects at the community level, as the public 
resists to new ideas on technology. Under these circumstances it is difficult to 
implement renewable projects in Peru if the users do not accept and know about 
the technology.
4.4. Conclusions
From this analysis it can be concluded that micro hydro technology can be a 
feasible electricity source at rural level in Peru for private and public projects. 
Publicly owned plants can learn from the private experience. The following 
suggests important actions to consider in the three main stages on a project 
development:
• Design stage- by estimating realistic plant capacities and electricity use 
according to local market conditions and by involving the local community.
• Implementation stage- by installing electric meters and by applying appropriate 
rates to ensure the long-term sustainability of the plant. These rates should also 
consider the local household affordability.
• Operational stage- by ensuring adequate operation and maintenance practices.
Within these three main steps the management of the project should allow 
community participation and promote local technical training that self-sustains the 
plant and creates new jobs.
On the other hand, as this barrier test demonstrates that seven out of the ten main 
barriers show that MHP technology in Peru is difficult to implement under the 
business as usual circumstances. The main barriers to address are the following:
1. The difficulties in supplying of the MHP equipment to rural areas (because 
of isolation of villages and the issue of the transport costs).
2. The lack of finance provision for the operation and maintenance costs of the 
plant (which sometimes forces the plant to stop operating).
3. The long development process (which can take up to 4 years)
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4. The risk of bureaucracy (which can increase the time taken for development 
and its costs)
5. The shortage of capital at the national level (low foreign direct investment 
together with high risks in the country)
6. The lack of financial mechanisms at the local level
7. Finally, the lack of information about renewable energy.
Therefore, it can be said that micro-hydro technology is additional under the CDM, 
as there are enough barriers that prevent the implementiion of this type of project in 
Peru
5. Final conclusions
From this chapter it can be said that under business as usual w\th strong public and 
community participation it is possible to implement micro-hydro and solar projects if 
development benefits are put at first. However, micro-hydro technology has better 
financial performance than solar projects.
This work shows, for micro-hydro projects, that even a group of bundled projects, 
with a capacity of <12MW, does not provide enough financial incentives for 
investors (IRR 5% in 21 years) as they cannot absorb the high costs of the CDM 
project cycle. Especially for searching, validating, verifying and certifying the 
bundled projects; considering that this study assumed the simplified process for 
small-scale CDM projects.
Under these conditions, it can be said that micro hydro and solar projects are not 
going to attract private investors unless the following occur: premium prices are 
paid for CERs, these types of projects are bundled with different technologies or 
with other countries with higher emission reductions and projects owners invest 
more than 20% of capital.
Solar technology is still expensive in Peru and its implementation depends more on 
the financial sources and country initiatives than on the CDM. The low emission 
reductions from this technology do not help its inclusion into the market mechanism.
Research and input are required to allow the creation of bundling institutions as the 
experience from Peru shows that there is the willingness and capacity to support
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CDM implementation in general, but a lack of institutional capacity to bundle small 
projects.
6. Final Recommendations 
At CDM level
For bundling
It is suggested to bundle micro-hydro and solar projects with other technologies that 
share the same baseline sources and that reduce higher emissions.
More experience is needed in order to apply the rules for bundling different types of 
projects in different countries. The development of similar studies is suggested.
Careful consideration on the use of common PDDs and baselines is suggested as 
this study shows that one FDD or baseline would not always represent the most 
realistic scenario.
The practical experiences on CDM bundling demonstrate that this approach is 
feasible to apply either by public and private investors who can put together sound 
CDM projects but support from national institutions is also needed. This feasibility is 
also reinforced in the literature available as it demonstrates that bundling can make 
CDM projects financially attractive under the right conditions.
A new bundling case is proposed: Case (v) same type, different category and same 
technology.
Premium prices for CERs can be obtained from recognising the development 
potential of small energy projects. The accreditation from the Gold Standard for 
bundled proposals should be encouraged at host country level.
For transaction costs
The development and use of standardised FDD and baselines per country is 
needed. This could enable small projects to submit PDDs directly to the Executive 
Board for registration without validation; after the approval of the host 
government. It would also facilitate the bundling projects from different countries.
The proposals for Designated Operational Entities from developing countries should 
be encouraged to promote the reductions of certification fees which are the main 
sources of transaction costs.
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At Peru level
Government involvement promoting off-grid energy technology and creating 
financial incentives, such as subsidies and access to financial loans, to private 
investors is needed. This should be included in the Peruvian energy policy for 
electrification of rural areas.
The development consequences of small energy projects at community level should 
not be dismissed and should encourage action at government level. Unilateral CDM 
projects may be one CDM route for small activities to encourage development.
Further research is needed for solar technology in Peru, which can be focused on 
user’s adaptability, application, technical problems and local expertise.
More bundling studies are required in Peru involving other technologies using 
detailed financial and technical data.
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Appendix I: Cover form for bundling
CLEAN DEVELOPMENT MECHANISM FORM FOR SUBMISSION OF BUNDLED 
SMALL SCALE PROJECT ACTIVITIES
(SSC-CDM-BUNDLE)
SECTION A. General description of the Bundle
A.1. Title of the Bundle:
»
A.2. Description of the Bundle and the subbundles :
»
A.3. Project participants:
»
SECTION B. Technical description of the Bundle:
»
B.1. Location of the Bundle:
»
B.1.1. Host Party(ies):
»
B.1.2. Region/State/Province etc.:
»
B.1.3. City/Town/Community etc:
»
B.1.4. Details of physical location, including information allowing the unique 
identification of this Bundle:
»
B.2. Type(s), category(ies) and technology/(ies)/Measure/(s) of the bundle:
B.3 Estimated amount of emission reductions over the chosen crediting period:
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»
SECTION C. Duration of the project activity / Crediting period:
C.1. Duration of the Bundle 
»
C.1.1. Starting date of the Bundle:
»
C.2. Choice of crediting period and related information:
»
C.2.1. Renewable crediting period:
»
C.2.1.1. Starting date of the first crediting period:
»
C.2.1.2. Length of the first crediting period:
»
C.2.2. Fixed crediting period:
»
C.2.2.1. Starting date:
»
C.2.2.2. Length:
»
SECTION D. Application of a monitoring methodology:
»
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Appendix II: Conditions for bundling
Table 11.1 Project types, categories and baseline conditions for bundling
Type Category Baseline conditions in Appendix B
Type I I.A. Electricity generation by the user Fuel consumption of technology in use or would have been
Renewable used
energy
projects
I.E. Mechanical energy for the user Diesel fuel consumption of the diesel generator to meet the 
same load
I.C. Thermal energy for the user a. fuel consumption of technology in use or would have been 
used or
b. grid electricity emissions
I.D. Grid connected renewable 
electricity generation
a. (if it is exclusively diesel generator) diesel fuel consumption 
of the generator to generate annual kWh of renewable 
energy generated in the project (differentiated emission 
factor depending on the load factor)
b. grid emissions for kWh of renewable energy generated 
(calculated as average of operating and build margin)
Type II 
Energy 
efficiency 
improveme 
nt projects
11.A. Supply side energy efficiency 
improvements-T&D
a. retrofit projects -based on present equipment of 
performance determined according to general guidelines to 
appendix B.
b. new facility -technical losses of equipment than would have 
been used (performance determined according to general 
guidelines to appendix B)
c. if the energy is electricity as per I.D a/b or if it is district 
heating system fossil fuel that would have been used.
II.B. Supply side energy efficiency 
improvements-generation
a. retrofit projects -based on present equipment of 
performance determined according to general guidelines to 
appendix B.
b. new facility -technical losses of equipment than would have 
been used (performance determined according to general 
guidelines to appendix B)
c. emission coefficient of fuel that would have been used.
U.C. Demand side energy efficiency 
programs for specific technologies
a. if it is fossil fuel consumption or fuel amount that would have 
been used.
b. if it is grid electricity then it is as in I.D. a and b
II.D. Energy efficiency and fuel 
switching measures for industrial 
facilities
a. retrofit projects -based on present equipment of 
performance determined according to general guidelines to 
appendix B.
b. new facility -technical losses of equipment than would have 
been used (performance determined according to general 
guidelines to appendix B)
c. if it is grid electricity as per I.D. a/b or else emission 
coefficient of fossil fuel displaced
II.E. Energy efficiency and fuel 
switching measures for buildings
a. retrofit projects -based on present equipment of 
performance determined according to general guidelines to 
appendix B.
b. new facility -technical losses of equipment than would have 
been used (performance determined according to general 
guidelines to appendix B)
c. if it is grid electricity as per I.D. a/b
II.F. Energy efficiency and fuels 
switching measures for agricultural 
facilities and activities
a. fuel consumption of the technology in use or would have 
been used.
b. emissions due to grid electricity use as per I.D
Type III III A  Agriculture
Other III.B. Switching fossil fuels Current emissions of the facility/fuel used
project
activities
III.C. Emission reduction by low 
greenhouse gas emitting vehicles
a. energy (fuel) use per unit of service of vehicle
b. emissions from electricity as per I.D
III.D. Methane recovery Amount of methane that would be emitted in the absence of 
project activity
III.E. Avoidance of methane production 
from biomass decay through controlled 
combustion
Methane emission in the absence of project activity.
Modified from UNFCCC 2006b (January 2006)
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Table 11.2 Project category matrix: Conditions for common baselines/PDD
for bundling
LA LB LC I.D ILA II.B ILC II.D ILE ILF III.A III.B III.C III.D III.E
LA / / / X X / / /* X / PC X X X
LB / / / X X X / /* X / / X X X
LC 1 / / X X X / /* / / / X X X
I.D X X X / X X / /* / / / X X X
ILA X X X X / X X X X X X X X X
II.B X X X X X / X X X X X X X X
ILC / / / X X X / / / / / X X X
II.D /* /* /* r X X / / / / / X X X
ILE X X / / X X / / / / / X X X
ILF / / / i X / / / / / / X X X
NLA
III.B / / / X X / / / / / / X X X
III.C X X X X X X X X X X X / X X
III.D X X X X X X X X X X X X / /
III.E X X X X X X X X X X X X / /
Modified from UNFCCC 2006b (January 2006)
Notes:
/ means that common PDDs and baselines can be used 
X means that common PDDs and baselines cannot be used 
/* means that user is an industrial unit 
PC
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Appendix ill: Assumptions for sensitivity analysis
Table 111.1. Details for sensitivity analysis of micro-hydro plants
Caiamarca
Financial and Economic Model Date: 01/12/2003
Bundled energy plants performance % Value Unit
Installed capacity 11,760 kW
12 MW
Full Load Hours hrs/year
Average Load factor 51.00%
Power production (based on 2002) 48 17160960 kWh/yr
17,161 MWh/year
General
Economic Lifetime 20 years
Discount Rate 5.0%
Electricity tariff $0.1100 $/kWh
Depreciation period 10 years
Flat Rate Depreciation $2,504,731 /year
Flat Tax rate 5%
Capital Costs
Planning and Technical Support 15.90% $3,982,523
Civil works 48.30% $12,097,852
Electrical works 15.00% $3,757,097
Distribution 20.80% $5,209,841
Total Capital costs 100.00% $25,047,312
Total Capital Investment $25,047,312
Operational costs
M&O costs per year
O&M costs (year 1 ) 2.00% $75,142 / annum
O&M escalation (year 1 -10) 5.00%
O&M costs (year 11 - 20) 3.00% $269,008 / annum
O&M escalation (year 11-20) 4.00%
CO2 M&V cost/cycle $30,000 /cycle
Refurbishment year 10
Refurbishment cost 10.00% $375,710
Finance
Equity
% of Total Capital Investment 20%
Value $5,009,462
Loan
Interest Rate 10.0%
Finance period (excl grace period) 10 years
Grace period 2 years
% of Total Capital Investment 80%
Value $20,037,850
Emission reductions
CO2 equivalent mitigated variable tons/annum
CO2 annual income variable
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CO2 start price $10.00 $/ton
CO2 setup cost_________________________________________ $190,000
Table 111.2. Details for sensitivity analysis of solar systems
Caiamarca
Financial and Economic Model Date: 01/12/2003
Bundled energy plants performance % Value Unit unit cost
Installed capacity 840 kW
1 MW
Full Load Hours hrs/year
Average Load factor Load factor %
Power production (based on 2002) 336 987840 kWh/yr
988 MWh/year
General
Economic Lifetime 20 years
Discount Rate 5.0%
Electricity tariff $0.1100 $/kWh
Other Electricity value $0.0000 $/kWh
Total Electricity tariff $0.1100 $/kWh
Depreciation period 10 years
Flat Rate Depreciation $840,000 /year
Flat Tax rate 0%
Capital Costs
Planning and Technical Support 30.00% $2,520,000
Civil works 20.00% $1,680,000
Electrical works 35.00% $2,940,000
Distribution 15.00% $1,260,000
Total Capital costs 100.00% $8,400,000
Capital Subsidy (% of total costs) 0% $0
Total Capital Investment $8,400,000
Operational costs
M&O costs per year
O&M costs (year 1 ) 1.00% $29,400 / annum
O&M escalation (year 1-10) 5.00%
O&M costs (year 11 - 20) 2.00% $84,000 / annum
O&M escalation (year 11-20) 4.00%
CO2 M&V cost/cycle $40,000 /cycle
Refurbishment year 10
Refurbishment cost 10.00% $294,000
Finance
Equity
% of Total Capital Investment 20%
Value $1,680,000
Loan
Interest Rate 10.0%
Finance period (excl grace period) 10 years
Grace period 2 years
% of Total Capital Investment 80%
Value $6,720,000
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Emission reductions
CO2 equivalent mitigated variable tons/annum
CO2 annual income variable
CO2 start price $10.00 $/ton
CO2 setup cost $155,000
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0. Introduction
The argument of this research is based on the dual objective of the CDM, which 
calls for project proposals that are able to reduce GHG emissions while supporting 
sustainable development. However, in practice the CDM project mechanism, 
especially for small-scale activities, is more complex as it depends on market 
conditions which can determine the financial attractiveness of the investment in the 
project.
This EngD research shows that an integral knowledge of the CDM considers a 
multi-disciplinary approach of three main direct aspects: sustainable development, 
GHG emission reductions and financial feasibility. Each of these dimensions 
provides relevant opportunities and challenges for CDM project developers and for 
institutions at the UNFCCC and at country levels. The opportunities and challenges 
depend on the type, size and location of CDM projects. This EngD research carried 
out an in-depth analysis of these three main aspects for small-scale CDM projects 
in Peru by using and studying detailed project data of operational micro-hydro and 
solar schemes. The fundamental idea was to learn from the lessons of these 
projects in order to ensure the appropriate development of similar energy projects 
as potential CDM activities.
This chapter integrates the findings of the EngD analysis by summarising the 
sustainable development, GHG reductions and carbon finance aspects of these 
energy projects. It also recommends actions at Peru and CDM levels. Finally, it 
provides an outline of the possible future work.
1. Sustainable development
In order to identify the delivery of the micro-hydro and solar projects towards 
sustainability goals, a multi-criteria approach using 15 micro-indicators was 
developed and applied for evaluating CDM proposals. These micro-indicators 
assess six aspects of sustainability: social, economic, environmental, capacity 
building, long-term and technology transfer. The projects were compared against 
their baseline situations. Before the introduction of the energy systems the 
communities used three different baselines to meet their energy needs: kerosene, 
battery chargers and mini-grid diesel generators.
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1.1. Opportunities
From this analysis it was found that at local level, the main opportunities are 
focused in the social, economic and capacity building aspects. The results of the 
sustainability assessment of the projects, see next figure, showed that these three 
aspects were the main sources of benefits for the local communities when the 
energy projects were compared to their baseline cases.
Figure 1 Sustainability performance of energy projects
15 -
0  Economic □  Environmental
0  Long-term sustainability □  Technology transfer
0  Social
□  Capacity building
1.1.1. Social delivery
The sustainability analysis demonstrates that micro-hydro and solar projects deliver 
substantial social benefits for local communities. These benefits include introducing 
new facilities; improving the local quality of life, education and health; allowing 
integrating isolated villages to the outside world with the use of telecommunications 
and servicing a greater number of households with an affordable energy supply. 
Social benefits are greater from public projects than from private projects. This is 
because the former provides a higher number of households with electricity supply.
1.1.2. Economy delivery
This aspect was evaluated using the findings of a life cycle costing1 study carried 
out for the energy projects and their correspondent baselines. This study was
1 Life cycle costing is an assessment of all costs associated with the life cycle of a product 
or a system (Hunkeler et al. 2005, pp305-308). This study is found in Chapter VI Financial 
analysis.
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carried out at two levels: domestic and industrial. The domestic level quantified 
kerosene lamps, candles and battery charging costs. The industrial level, diesel 
generators as baseline costs. The costs of seven micro-hydro power (MHP) plants 
and a set of 50 SHSs were analysed as abatement costs. Capital, replacement and 
running costs were assessed for each energy source.
User’s perspective
From the user’s point of view the results demonstrate that micro-hydro technology 
is a cheaper option for electricity generation than the use of typical energy sources. 
It can achieve 45% of savings for domestic users2 when kerosene lamps, candles 
and battery charging are replaced and 70% of savings for industrial applications3 
when diesel generators are replaced.
Investor’s perspective
From the investor point of view, this study shows that in Peru MHP technology is 
more economically feasible than SHS schemes. The average costs are US$ 1,300
2 The domestic users represent the following projects: Atahualapa II SHS; Trinidad, 
Chalan, Chugur and Conchân MHP plants. The functional unit in this set is 
US$/household/year.
3 The industrial users present the following projects: Atahualpa I, Yumahual and El Tinte 
MHP plants. The functional unit in this set is US$/plant/year.
Figure 2 Energy savings in Cajamarca
0 Baseline El Abatement
160 n
140 -
45% savings
0
70% savings
Domestic Industrial
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-  4,000/kW and US$ 18,000/kW respectively. This study also demonstrates that 
MHP projects are financially feasible when the electricity is also used to power 
small industries. Financial returns from MHP plants can be achieved only if 
appropriate rates, community involvement and an adequate management are 
applied.
Job and business creation
The findings of this analysis showed that the generation of direct jobs as a result of 
the introduction of the energy plants is minimum. For instance, an MHP plant 
requires a maximum of two operators while the household user operates a SHS. 
However, the numbers of indirect jobs created depend on the new businesses and 
activities introduced in the community. On average, micro-hydro schemes can 
provide electricity for lighting for basic grocery stores. Only two out of the eight 
projects evaluated managed to start up new types of activities. From this study it 
can be said that energy access does not necessarily create employment in rural 
areas. This requires adequate local programmes that use the electricity generated 
for production activities.
Economic benefits are shown for both pubic and private projects as they allow 
reduction of energy expenses and creation of new jobs and services. However, the 
results for public projects are greater in this respect due to the fact that these 
projects provide electricity mainly to households. This allows users to have more 
chances to set up new commercial activities using the electricity provided, while in 
privately owned projects, the use of electricity is managed by the owner mainly for 
operating small industries which do not always create new jobs or improve 
household incomes.
1.1.3. Capacity building
In the capacity building aspect, two indicators were assessed: training and 
involvement. The first evaluated the degree of local training on energy matters 
given in the communities. The second assessed the level of involvement during the 
projects’ implementation, with an attention to women’s participation in the decision 
making process.
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This study found that the introduction of renewable systems provides opportunities 
to empower local people by learning new skills in energy technology and its use. 
This is an important issue to consider as in remote areas there are no local facilities 
and capacities to offer this type of training.
Regarding the level of involvement, it was shown that local participation depend on 
the ownership of the energy projects. For instance, the privately owned projects do 
not involve the local community in decision making.
1.2. Challenges
At local level, the main challenges centre in the environmental, long-term 
sustainability and technology transfer aspects. The last one is discussed under 
technological barriers.
1.2.1. Environmental delivery
Environmental concerns from small energy systems are minimum; water, land and 
noise pollution from using micro-hydro plants and solar systems do not represent 
risks to the local environment. Indoor pollution (particulate matter) has been 
eliminated from burning kerosene and candles.
The only possible environmental problem from these systems is land and water 
contamination derived from old car batteries used for lighting or to power 
appliances. A well-designed waste management plan for the handling of these 
batteries is needed in the communities studied.
GHG emissions are reduced by introducing the energy projects. This is discussed 
under GHG analysis section.
1.2.2. Long-term sustainability
This aspect was evaluated with data from the projects’ financial returns that were 
carried out in Chapter VI. The findings of this analysis suggest that publicly owned 
projects perform financially worse than private projects as they show negative 
internal rates of returns. This poor performance is due to the type of management 
applied, inappropriate electricity fees and users’ pressure. As a result of that, these 
projects do not have financial provisions for unexpected technical breakdowns and
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for the replacement of the plants. Hence, the long-term operation of these facilities 
is at risk.
2. GHG reductions
Secondly, this EngD research studied the environmental aspect in relation to the 
accountability of C02 emissions reduced by introducing micro-hydro and solar 
technologies in eight rural villages. The objective was to establish baseline 
emissions and how best to calculate them. Zero emissions were assumed after the 
introduction of the systems as they come from renewable sources. This section also 
discusses environmental additionality and uncertainty.
2.1. Environmental additionality
This analysis concluded that rural communities in Cajamarca have similar 
baselines. They mainly use kerosene for lighting and national grid electricity or 
small diesel generators to power small machinery such as mills and battery 
chargers. This study also showed that C02 emission reductions from lighting and 
services activities have an average ratio of 1.32 tC02/kW 4. Industrial orientated 
projects at least double C02 reductions compared to the domestic schemes. This is 
because the former replaces greater energy use and carbon intensive sources such 
as off-grid diesel generator and national grid electricity. The reductions from micro­
hydro and solar technologies are low when they are compared to others such as 
biomass. For instance, EcoSecurities (2000) establishes that a 2 MW plant reduces 
35 ktC02/year, the ratio here is 17.5 tC02/kW, which is more than 10 times the 
reductions achieved with micro-hydro and solar. Therefore, from the point of view of 
emission reductions micro-hydro and solar projects proposed as CDM are not 
financially attractive to investors. Nevertheless, the renewable projects studied are 
environmentally additional and provide a more reliable and efficient service than 
typical sources of energy in rural areas.
The results from this study demonstrate that large energy systems do not always 
provide large amounts of C02 emission reductions, this depends on the load factor 
of the plants, the type of baseline substitution, number of households and the 
services provided. There is also a relationship between the poverty level of the
4 Considering a total capacity of 250 kW and 330 tC 02/year of reductions, see Table 27 in 
Chapter V GHG analysis.
487
Chapter VIII Integrating findings and recommendations
community and the reductions achievable since these are lower in the poorer areas 
which can afford less kerosene or candles.
2.2. Emissions uncertainty
Accounting for GHG reductions is subject to reliable energy baseline data; this 
study shows that average fuel rates differ even in villages that belong to the same 
region. This difference in fuel rates creates sources of uncertainty for emission 
reduction calculations. For instance, kerosene and candle consumption levels per 
household in Cajamarca vary as much as ± 90%. This shows an important source 
of uncertainty. It is suggested to carry out representative field surveys before (and 
after) the installation of the projects within the monitoring tasks. This should be 
applied in the particular location of the project.
The conclusions from comparing the Peruvian projects with other five countries 
suggest two main issues: A) Domestic projects5 showed that kerosene baselines 
are common in the six countries. However, the emission levels within the six 
countries are on average 283 kC02/hh/year with a high uncertainty of ±78%. B) 
When industrial projects6 are compared to two projects in Kenya and Tanzania they 
have different carbon factors (tC02/MWh) with a variation of ± 80%. This 
demonstrates that on-grid or off-grid electricity factors differ from country to country. 
Hence, for bundled activities from different countries, emission reductions should be 
accounted for separately.
3. Carbon finance
Finally, this EngD research studied the financial implications of the energy projects 
by assessing their potential as hypothetical CDM activities. Here a summary of the 
additionality test carried out for micro-hydro technology is given. In addition, a 
financial evaluation of bundling micro-hydro and solar technologies is presented.
5 In this study domestic projects refer to micro-hydro and solar technologies used for 
domestic purposes.
6 Industrial projects refer to MHP plants used to power small machinery for business 
purposes.
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3.1. Additionality
The additionality assessment of micro-hydro technology 7 in Peru was carried out 
using barrier tests. This barrier analysis is based on the work established by 
IEA/OECD (1997), Probase (2003, pp143-144), and lately proposed in the 
simplified modalities and procedures for small CDM projects (UNFCCC 2003a). The 
following are the main barriers of micro hydro technology in Peru. The barriers are 
divided into four main categories; investment, technical, management and 
social/political.
3.1.1. Investment barriers
Shortage of capital
Lack of local capital to invest in off-grid renewables is the main reason the 
implementation of micro-hydro technology in rural Peru is low. The country’s rural 
electrification policy, introduced in Chapter III Context to Peru and energy projects, 
depends on a government budget, which comes from the central government and 
international loans. The investment is centred on expanding the national grid with 
transmission and distribution lines. Peru needs the creation of sources of funding 
for rural electrification such as micro hydro technology.
Lack of financial mechanisms at the local level
The private sector in Peru has no incentive to invest in micro-hydro systems as 
capital costs are still high. Government subsidies for renewables are absent. There 
are few institutional mechanisms that combine technical project development and 
financial support. At the local level, the high capital costs of renewables are beyond 
the means of low-income families. If a project is to be owned by the community 
extra financial, training and management support are required. In addition, users do 
not have access to loans due to the lack of loan histories or guarantees. The lack of 
financial mechanisms presents a barrier in promoting micro-hydro technology.
3.1.2. Technological barriers
Technology transfer at local level
7 This analysis is only focused on micro-hydro technology, as the data for one solar project 
cannot provide enough insights for discussion.
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As a country Peru has developed technical experience in implementing micro-hydro 
projects since the early 1990s. Since then manufacturing and installation costs 
have been reduced. At the local level there is a lack of technical capacity in terms of 
manufacturers, installers and technicians. Resources and training are focused in 
the big cities, either the country or regional capitals that are not always reachable 
for rural areas. These issues create delays in repairing the plants when a technical 
problem occurs. Technological capacity for hydro technology exists at the national 
and regional levels, but not at local level.
Long-term plant sustainability
Under normal conditions, operation and maintenance costs of micro-hydro 
technology can be covered by the projects. These seven projects showed a lack of 
financial provisions for long-term operations or unexpected equipment breakdowns. 
This situation puts at risk the long-term sustainability of the plant. It is one of the 
main problems that project owners have to deal with. In many cases, this situation 
can force the plant to stop operating for as long as it takes for the owners to 
organise the funds. The lack of financial resources is related to the low electricity 
fee (discuss bellow) paid by customers, in the case of domestic plants owned by 
local authorities.
3.1.3. Management barriers
Low load factors and energy use
The projects studied showing the best financial performance are owned privately, 
they make better use of the electricity, with load factors of 60%. The public owned 
projects, with load factors of 25%, do not show financial success. In fact, two out of 
four projects owned privately showed positive financial returns and three out of 
three projects owned by local authorities showed negative financial returns. The 
main reason for the poor financial performance is due to: the low electricity tariff 
and the poor use of electricity. The best-performing micro-hydro projects are the 
ones that use the electricity for industrial purposes. If more businesses are created 
then better financial returns are generated. However, producing and trading goods 
require market access, which it is not available in small, poor and isolated villages.
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3.1.4. Social/political barriers
Ownership and low electricity fees
The main reason for the poor financial performance is due to the low electricity tariff 
(average of US$6 cent/kWh) paid by the users of publicly owned micro-hydro 
plants. Usually the fees paid at the beginning of the operation of the plant remain 
the same after 3-5 years because of the following:
• Lack of community involvement- the users think that hydro electricity is not 
expensive because it utilises the water naturally available;
• Lack of clear rules- the users think that it is the government obligation to provide 
electricity, hence to subsidise the service;
e Political game- local authorities can promise low electricity fees to gain
community votes for the next elections putting the long-term operation of the 
plant at risk as this may be a problem for the following electoral period.
A way to solve this problem is by involving the community at all stages of the micro­
hydro implementation process.
Affordability and low energy consumption in poor communities 
The analysis of domestic hydro projects demonstrated that rural communities 
maintain low electricity consumption in comparison to communities living in urban 
areas powered by the national grid. For example; data from Conchân micro-hydro 
plant shows average consumption of 0.33 MWh/year/household while for the next 
neighbour town with access to the grid, it is 1.1 MWh/year/household 8. The 
explanation for that is rural people cannot afford to buy new appliances to consume 
more energy because households’ incomes remain the same. This is the 
affordability aspect, which must be considered when planning an energy plant as 
many projects expect to increase the electricity consumption over the years. This 
aspect is also referred as suppressed demand due to poverty, lack of infrastructure 
(Winkler et al. 2002, pp. 413-429) and a lack of a sustainable strategy for village 
electrification. This strategy should include development plans, introducing other 
activities if possible that can provide jobs and increase the local welfare.
8 This figure was taken from Electronorte, the regional electricity company, during the field 
trip visit (Electronorte 2002).
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Micro-hydro projects in Peru clearly qualify as CDM under the additionality criteria 
as there is more than one barrier for their implementation.
3.2. Bundling
This section addresses the financial aspect of the projects studied with the aim to 
find out at if micro-hydro and solar projects are feasible CDM proposals and their 
possibilities for bundling.
The analysis focused on the main variables that influence the performance of 
electricity projects: loan interest rates and time, electricity rate, plant capacities, 
power generated, etc. In addition, the financial parameters related to CDM projects 
were also considered, these are: transaction costs, project cycle costs (such as 
validation, registration, monitoring, verification, etc.), number of certified emission 
reductions or CERs, and selling prices of CERs.
Considering the above parameters and the data for the energy projects, internal 
rates of return and net present values are calculated for micro-hydro and solar 
bundles. A sensitivity analysis was also developed in order to explore the minimum 
number of projects to be bundled using three cases: business as usual (without the 
CDM), with the CDM and CER prices at US$ 3/tC02e and with the CDM and CER 
prices at 10 US$/tC02e. The following table summarises the findings for micro- 
hydro technology:
Table 1 Sensitivity analysis results for micro-hydro bundle
No MHP 
projects
Capacity
(MW)
Case A (BAU) Case B (US$3/tC02) Case C (US$10/tCO2)
IRR NPV IRR NPV IRR NPV
7 0.24 4.6% -$18k 0.4% -$224k 1.0% -$198k
14 0.5 4.6% -$35k 2.5% -$231k 3.1% -$179k
21 0.74 4.6% -$53k 3.2% -$237k 3.8% -$160k
42 1.5 4.6% -$106k 4.0% -$256k 4.6% -$101k
84 3.0 4.6% -$213k 4.4% -$297k 5.0% $15k
168 5.9 4.6% -$426k 4.6% -$376k 5.2% $248k
336 11.8 4.6% -$852k 4.7% -$535k 5.4% $713k
This analysis shows that bundling micro-hydro plants as CDM activities can support 
this technology if more than 80 projects are grouped to achieve basic financial 
viability -NPV US$ 15k in 25 years at 5%. It can be concluded that selling CERs 
can support the financing of micro-hydro technology in Peru. However, solar
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technology in Peru is still an expensive option as CDM, due to very high capital 
costs -US$ 18k/kW- and low emission reductions.
On the other hand, it is also important to highlight that developing large groups of 
micro-hydro projects requires country expertise and structured organisational 
frameworks. These are not always available in poor countries. For instance, the 
implementation of large numbers of micro-hydro plants such as 80 depends on the 
country potential and the realistic capacities -expertise, financial and organisational 
- to carry out the task. Peru has a generous hydro potential of 1000MW for small 
plants (FONAM, 2002, p13). However, as discussed in Chapter III Context to Peru 
and energy projects, the Peruvian rural electrification plan aims to install less than 7 
MW of small hydro plants. At the non-governmental level the situation is not better; 
for example, the development agency experience, such as ITDG, shows that 
implementing these types of projects is complex. ITDG-Peru has been working on 
energy projects for more than 10 years during which 25 hydro plants have been 
installed to date, with a total capacity of < 1MW. Hence, to carry out more than 80 
projects is very difficult for only one institution as it takes many years, even if 
technical expertise in the country is available.
4. Recommendations at Peru level
4.1. To the Ministry of Energy and Mines
The main problems of small energy projects, especially renewable, in Peru are 
based on institutional settings, management and technical support. Nowadays, the 
capital costs of renewable technologies in Peru are decreasing, as expertise grows, 
such is the example of micro-hydro. However, the necessary investment still 
remains high and represents considerable risk for the local private investors. As this 
work demonstrates, small renewable projects are potential sources of emission 
reductions at rural level and therefore have environmental benefits. Small energy 
projects also provide a wide range of local social and financial improvements -as 
opportunities to develop the poor living standards. It is necessary to create a level 
playing field to allow the small renewable market to compete with conventional 
energy supply in rural areas because they are clean and reliable sources of energy. 
To support these technologies appropriate national policies to enable investment
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and participation of public, private and international businesses are necessary 
because in current circumstances they would not be financially attractive.
In Peru, the government has been promoting a range of initiatives to increase the 
electricity access of rural people. In the last five years renewable technologies such 
as small hydro, solar and wind have been included. Indeed, in 2002 a Plan for Rural 
Electrification was proposed aiming to provide energy to more than 90% of the 
population between 2003-2012. However, these activities have limited objectives 
focused only on project implementation and do not consider the entire process and 
long-term sustainability of energy projects.
At present, Peru has not developed a private energy market for small technologies, 
such as micro hydro and solar. Incentives directly to this sector are needed. A way 
to create interest from national private investors could be to promote concession 
models, to subsidise rural electrification and to establish a flexible legal framework. 
Section 2.5, in Chapter III Context to Peru and energy projects, discusses these 
options to support electrification in Peru. The following are recommendations to the 
Ministry of Energy and Mines:
o Concessions
Concessions for rural electrification in Peru should include the study, 
development and management -administration, O&M, metering and billing- of 
energy plants in a specific area or region for a long period. E.g. no less than 10- 
15 years when it is estimated that the plant can be sustainable and when a new 
concessionaire can follow up the programme.
• Subsidies
It is recommended to the Rural Electrification Plan of Peru to check up the 
current subsidy strategy for financially unattractive technologies -such as small 
hydro, solar and wind-. Subsidies can support the rural energy market and can 
target the rural poor.
• Legal framework
Reduction or exemption of taxes for small energy services in rural areas is 
necessary because they provide basic needs to society in a very low quantity. A
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flexible efficient process for tax payment is required to reduce administration 
costs of the energy services. Now administrators need to be trained to carry out 
the tax statements that are submitted every month. E.g. Quarterly or yearly 
reports should be allowed for small energy services. Appropriate legal 
standards for rural electricity services should be developed to encourage 
private participation in investing and managing small systems to ensure long­
term sustainability.
These options can also provide incentives for national and international investors in 
renewable technologies. Small-scale CDM energy activities in Peru, therefore, can 
face more opportunities only if the financially additionality criterion is not considered 
for CDM project illegibility.
4.2. To national NGOs and development agencies
NGOs and development agencies have an important role to play in the 
implementation of the CDM. In particular, they may be critical in helping to ensure 
two main aspects of these mechanisms by:
• Monitoring the CDM real reductions in emissions and
e Assessing sustainable development delivery of CDM projects.
In fact, technical expert NGOs and agencies can also apply as Designated 
Operational Entities - if  the rules and process are appropriate.
In relation to electrification projects local agencies can support the capacity building 
of rural locations by:
e Providing technology, management and community training; 
e Identifying local leaders and entrepreneurs able to attract funding and to 
create productive activities and
• Providing impartial -politically- support to rural people.
4.3. To Peruvian project developers
This EngD thesis demonstrated that micro hydro and solar technologies are less 
expensive options than baseline energy sources for domestic and industrial 
applications in rural Cajamarca. From this study is concluded that micro hydro 
technology can be a feasible electricity source at rural level in Peru for private and
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public projects. Public owned plants can learn from the private experience. The 
following suggests important actions to consider in the three main stages on a 
project development:
• Design stage- by estimating realistic plant capacities and electricity use 
according to local market conditions and by involving the local community.
• Implementation stage- by installing electric meters and by applying appropriate 
electricity rates to ensure the long-term sustainability of the plant. These rates 
should also consider the local household affordability.
• Operational stage- by ensuring adequate operation and maintenance practices.
Within these three main steps the management of the project should allow 
community participation and promote local technical training that self-sustains the 
plant and creates new jobs.
5. Recommendations at CDM level
5.1. To the Executive Board
Under the current circumstances many small energy technologies will not be able to 
absorb the significant costs inherent in developing CDM projects. The costs for 
formulating baselines and certifying emission reductions for small projects would 
destroy any climate-friendly investment incentives provided by the CDM, leaving 
such projects as non-competitive. This prevents the implementation of small 
projects despite the fact, as this work demonstrates that many small projects are 
able to deliver safe and clean energy that is essential to promote sustainable 
development and to support climate change. This research proves that further 
action should be taken to allow small projects -such as micro-hydro and solar 
technologies -to benefit from the CDM funding opportunities. The Executive Board 
should, therefore, consider the following proposal in order to improve the prospects 
for small CDM projects and to provide incentives to speed the market penetration of 
still expensive clean technologies. They play a very important role for the rural poor 
in developing countries. The following is the proposal -presented according to the 
project cycle- for simplifying and supporting small CDM projects balancing 
environmental integrity and reality:
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5.1.1. Project eligibility
A new category for very small off-grid energy projects that are less than 1 MW 
should be included. The existing category -up to 15 MW- can still be used, 
especially when bundling takes place though some consideration should be given 
to the potential of this definition to limit the size of bundled projects.
5.1.2. FDD: Baseline additionality and barrier test
A differentiation between household and production baseline factors to calculate 
emission reductions is needed. For example: kerosene and mini-grid diesel 
generators can be considered as main baselines. Development of standard carbon 
emission factor for both baselines -E.g. tC02/hh/year for kerosene and tC02/MWh 
for mini-grids- derived from average baseline rates -E.g. Litre 
kerosene/household/year and MWh/community/year- in developing countries 
should be a priority of host governments. These carbon factors can support the 
existing standardised baselines for small energy projects. Besides that country 
baseline standardisation allows proposing bundled projects in other countries as 
one CDM project.
For the issue of CDM additionality, renewable -small hydro, solar, wind and 
sustainable biomass- should be considered additional. These projects should pass 
the barrier -financially, technically, prevailing practice and other barriers- test 
automatically. Based on the findings of this research, small renewable projects face 
significant implementation barriers without the CDM. The successful management 
process and long-term sustainability of the energy project should be enough to 
prove post-project additionality. The Designated National Authority should 
evaluate this additionality type as part of the CDM project sustainable development 
criteria.
5.1.3. Validation and registration
The CDM Executive Board should prioritised promoting and encouraging 
organisations from developing countries to participate as Designated Operational 
Entities9. If national institutions are Operational entities transaction costs could be 
reduced for small CDM projects -if it is considered that verification and certification
9 Until August 2004, one Latin American institution from Colombia was applying as 
Designated Operational Entity (UNFCCC 2004h).
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can be carried out by the same entity. Registration for very small energy projects 
should be reduced and subject to the amount of CERs achieved because some 
type of small energy projects would not reduce the same amount of emissions as 
other equivalent small activities. E.g.: micro hydro and biomass technologies.
5.1.4. Implementation
The electricity authority of the host country should certify the implementation of the 
energy projects based on technical standards. The developers or management 
should monitor the projects assuming adequate operational training to do so.
5.1.5. Project bundling
Multiple small activities can be bundled as a single CDM project, so long as the 
overall project's size does not exceed the threshold eligibility size for very small and 
small projects -1 and 15 MW respectively-. These projects should be proposed as 
CDM by a bundling organisation, they can be located in different regions of the host 
country and they can be a mix of different projects. The Designated National 
Authorities of the host country would have to approve the group of projects to be 
implemented in its country prior validation or registration.
The following points justify this proposal:
Environmental integrity of the Kyoto Protocol
This proposal claims that simplified rules to allow small CDM projects are still 
needed and that would not result in a quantity of credits large enough to 
significantly dilute the emission targets of industrialised countries. It highlights 
further baseline standardisation and calls for equality geographical distribution of 
Designated Operational Entities to reduce transaction costs acknowledging the 
importance of their role as independence certifiers.
Benefits of small energy projects
While the crediting impact on developed country targets may be trivial, the emission 
reduction benefits for climate protection and sustainable development contributions 
could be large. First, adopting clear, flexible, simple and streamlined rules to earn 
CDM credits will increase the financial viability of small energy projects. Such 
projects are likely to deliver significant local and national development benefits -
498
Chapter VIII Integrating findings and recommendations
E.g. rural electrification, fuel costs reduction, better access to education, etc.- in 
countries hosting CDM projects. Second, new incentives such as those in this 
proposal could support the market development of the clean technologies.
5.2. To the Small-scale Working Group
5.2.1. Simplified baseline methods for Type I.A and Type I.B.
To date baseline methods have been simplified in a way that the FDD of a small 
CDM activity could be carried out by the developers. They support a straightforward 
quantification of emission reductions; hence, baseline development, which could 
also be used for bundled projects. Inputs on the standardised methods for 
renewable CDM activities, known as Type I are given here. These inputs are 
specific for Type I.A Electricity generation by the user (domestic use of electricity) 
and Type I.B Mechanical energy for the user (industrial use of electricity).
Type I.A. Electricity generation by the user
In this type of simplified method two comments are carried out, these are directed 
to Option 1 and 2.
Option 1
This baseline method proposal does not consider kerosene fuels as a possible 
scenario, assuming a project replacing an equivalent service by basing the 
calculations on electricity consumption, Option 1 of Type I.A., presented in Equation 
(7) in Chapter V GHG analysis. This is not the case for the projects studied. As this 
analysis shows that six out of nine villages have kerosene as baseline fuel. It is 
suggested to create a category for non-equivalent baselines, which considers 
kerosene and other fuels as baselines. The following equation is proposed to apply:
Ei = 2.53 x 10 ^  * (V,n * ri,)
Where
Ei= annual energy baseline in tC02/year
Vj= annual kerosene consumption per household (L/hh/year) belonging to the same 
group of T renewable project.
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rij= number of households (consumers) supply by the renewable project belonging 
to the group of T renewable project
For Peru, the above equation can be simplified to:
Ej = PC i( rij)
Where:
Ei= annual energy baseline in tCOa/year
PC= carbon emission factor for rural Peru per fuel T. For example, 0.3 
tC02/hh/year, 2.6 tC02/hh/year and 0.7 tC02/hh/year for kerosene, milling and 
battery charging respectively are taken from Table 3.
ni= number of households (consumers) supply by the renewable project belonging 
to the group of T renewable project.
Option 2
The baseline calculation for Option 2 of Type I.A, Equation (8) in Chapter V GHG 
analysis, proposes the use of the annual electricity output of the CDM project, 
which assumes that the baseline replaces an equal energy output (O, parameter). 
However, a new project does not always replace the same amount of energy 
provided by the baseline technology. For instance, data from one of the projects 
studied demonstrated this case: Atahualpa I micro-hydro plant shows a 
consumption 10 of 30 MWh/year and 140 MWh/year before and after introducing the 
plant. This shows that the electricity consumption can increase depending on the 
energy use. Hence, assuming that the CDM project replaces similar energy use is 
not always the case and emission reductions can be overestimated. Therefore, it is 
suggested to use an replacement factor of 0.8, which represents the baseline 
energy output. This factor is based on the lowest energy consumption increment 
found in this study.
Finally, the default carbon emission factor value of 0.9 tC02/MWh proposed in 
Option 2 corresponds to a generator between 135-200 kW of capacity with 
electricity consumption higher than 1166 MWh/year. This factor does not apply to
10 Here it is assumed that the electricity output is equal to the energy consumed for the 
baseline using an off-grid diesel generator. This is because not records on electricity output 
from the system are available.
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very small projects, such as those studied here where the total consumption is 360 
MWh/year. Hence, it is suggested to apply a carbon emission factor that 
corresponds to the appropriate diesel generator.
Type I.B. Mechanical energy for the user
For this Type of project, carbon emission factors from off-grid diesel generators are 
proposed to apply. However, the cases studied in this research demonstrate that 
on-grid electricity is also a baseline source. This happens when milling and battery 
charging activities are carried out in the next neighbour village with access to the 
national grid electricity or if a village has the chance to connect to the national grid 
for a short period. In this case, it is suggested to apply regional or country carbon 
emission factors.
5.2.2. Monitoring methods for Type I.A. and Type I.B.
Comments on the monitoring methods proposed for Type I.A and Type I.B 
renewable CDM projects (UNFCCC 2003a) are given:
Type I.A. Electricity generation by the user
• The method assumes that a project replaces an equivalent service, such as 
diesel generators that could be assessed and compared in electricity generating 
units, such as kWh/year. However, it is important to stress that rural 
communities do not always have access to a similar service and instead the 
fuels used for lighting are kerosene and candles. Hence, a condition to monitor 
kerosene levels should be applied before implementing the project and during 
its operation (baseline and project cases). In this study kerosene has proven to 
be the main source of emissions, as it represents more than 90% of the total 
fuel sources. Section 6, in Chapter V GHG analysis, develops monitoring 
methods for solar and micro-hydro schemes. These can be applicable to 
projects in Peru and in other countries.
Type I.B. Mechanical energy for the user
• Monthly or quarterly metering records of the total energy generated by the 
project should also be included as a way to show the operability of the 
technology. Besides that, metering records allows for a double check of the 
data on mechanical energy produced or electricity demand.
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5.2.3. Bundling cases and baselines
At rural level, bundling of small energy projects can be carried out in respect to the 
baseline replacement case. If the number of small projects to bundle is high, the 
baseline can be determined by creating scenarios subject to the activities replaced 
by the energy projects. The following are the alternatives for rural communities 
using small energy projects that have been identified in this study:
e One case of bundling can be applied to a set of micro-hydro, solar and wind 
systems that replace lighting activities that are Type I.A. Electricity 
generation by the user. This bundle belongs to case ii: same type, same 
category and different technologies. See Table 3, Chapter VII Cajamarcan 
energy projects as CDM. In this case, emissions from kerosene can be 
calculated. The key variables here are the consumption levels for kerosene 
fuel and the number of households.
« A second case of bundling can be when a set of micro-hydro, solar and wind
systems replace both lighting and services (such as milling, battery 
charging and workshops). These are Type LA. Electricity generation by the 
user and Type I.B. Mechanical energy for the user projects. This bundle 
belongs to case iii: same type, different category and different technologies. 
See Table 3 of Chapter VII. The baselines are kerosene, off-grid diesel 
generators or mix grid. The main parameters are the fuel levels, number of 
households and the amount of electricity consumed for services.
© A third case of bundling can be applied to a set of micro-hydro, solar and
wind systems that replace services activities that are Type I.B. Mechanical 
energy for the user. This bundle belongs to case ii: same type, same 
category and different technologies. See Table 3, Chapter VII. In this case, 
emissions from off-gird diesel generators or mix grid are accounted. The 
main variables are electricity consumption and carbon emission factors for 
diesel generators and grid electricity.
• A fourth case of bundling occurs when one technology such as micro-hydro
replaces lighting and services activities that are Type I.A. and Type I.B.
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respectively. The bundle belongs to case v: same type, different category 
and same technology. See Table 3, Chapter VII. In this case the same data 
as for the second case is needed.
The Small-scale Working Group proposed the first three cases explained in here 
(UNFCCC 2005h). The last case is a new proposal for bundling alternatives.
In this context, bundled energy projects can be feasible to implement in different 
countries, where baseline data is available. For instance, figures on average 
kerosene levels per household, number and capacity of diesel generators per rural 
communities can allow calculating baselines using the standard methods for small 
projects. In the case of Peru, the following rates for energy projects are proposed:
Table 2 Peruvian baseline rates for rural communities
Category Baselines Activities Average baseline rates
Type I.A. Kerosene, Lighting 120 L/hh/year
Type I.B. Off-grid diesel 
generators 
Or National Grid
Off-grid diesel 
generators
Small services:
Milling
Battery charging
Mainly services -workshops 
Carpentry for laminating 
Carpentry for moulding 
Crafting from wood 
Milk processing
2.9 kWh/hh/year 
0.8 kWh/hh/year
For reference:
17 MWh/community/year 
9 MWh/community/year 
1 MWh/community/year 
7 MWh/community/year
After calculating reasonable consumption rates, plus the corresponding carbon 
emission factor per fuel or energy source, a simplified carbon emission factor per 
each baseline can be proposed as follows:
Table 3 Peruvian Carbon Factor per baseline in rural communities
Baselines Activities Average rates Carbon factor Carbon
factor/baseline
Kerosene Lighting 120 L/hh/year 2.5 x 10'J tC02/L 
(IPCC 1996)
0.3 tC02/hh/year
Off-grid diesel 
Generators or 
National Grid
Small services: 
Milling
Battery charging
2.9 kWh/hh/year 
0.8 kWh/hh/year
0.89 tC02/MWh 
(Chapter V, Section 5.3.4.)
2.6 kC02/hh/year 
0.7 kC02/hh/year
Off-grid diesel 
Generators or 
National Grid
Mainly services Subject to activity 0.9 tC02/MWh 
(Chapter V, Section 5.4.4.)
Depends on 
activity rates
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If a group of small energy projects is to be bundled from different countries, the 
described consumption and emission rates for the baselines are needed per 
country participant. The average levels can be provided by the national or 
development agencies working on rural electrification. If the rates were not 
available, a sample and survey representing the community types are needed and 
this has to be carried out by the developers or host countries.
5.2.4. Monitoring for bundling
If a set of projects is bundled, then the verification procedure could be based on 
sampling representative projects. For example, 10% of the total projects bundled 
per technology type. This will reduce certifiers’ costs, based on the fact that the 
monitoring reporting is clear.
5.3. To the Designated National Authority of Peru
The Designated National Authority for the CDM in Peru is the National Council of 
Environment or CONAM, which has the responsibility of assessing the sustainability 
criteria of CDM projects. CONAM should co-ordinate with other agencies to set up 
sustainability policies, environmental and investment regulations involved in CDM 
project development. There are two main recommendations for CONAM: 
sustainable development assessment of small energy projects in rural areas and 
integrating policies and activities.
5.3.1. Sustainable development assessment
It is recommended to assess sustainability of small projects using-micro indicators 
that can be compared to a status quo project. This will support the long-term 
sustainability of any small projects. CONAM’s role should be to co-ordinate, 
facilitate and evaluate these indicators. The following table proposes possible 
indicators for small energy projects based on the study of micro-hydro and solar 
technologies in Cajamarca. It also suggests how the assessment can be carried 
together with a possible institution -CONAM supported by local authorities, health 
services and the developers- and when should be reported.
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Table 4 Sustainability assessment of small energy plants
Micro-indicators How to assess sustainability? Whom/when?
Social
Services
activities
and Field visit by expert to quantify the number of 
services and activities created
CONAM
Annually
Quality of life Stakeholder consultation preferred through 
focus group considering that locals do not 
always have access to common means of 
communication and their literacy level is low
CONAM
Before and during 
project implementation. 
E.g. every crediting 
period
Education Assessment of education performance can be 
carried out by expert judgment during a field 
visit of the project
Local education 
authorities. Annual 
reports/assessment
Health Stakeholder consultation and reporting from 
the national health authorities
Local health authority 
Every crediting period
Integration Stakeholder consultation and post-project 
reporting
Developers 
Every crediting period
Equity Post-project reporting CONAM and
Developers
Every crediting period
Economic
Cost effectiveness Quantification of the energy costs before and 
during operation of the plant.
For the baseline case, this is carried out within 
the feasibility study. For the project case, the 
quantification can be available from the 
records of the electricity fees
Developers
As part of the 
monitoring task. 
Annually
Employment and 
business generation
Quantifying the number of jobs and 
businesses created after the installation of the 
energy plant
Local authority 
Every crediting period
Environment
Water and 
impact
land Qualitative assessments to manage the 
discharge of old lead batteries Developers
Air impact Quantification of emissions reductions. Part of 
the monitoring plan
Annual reporting
Noise impact Stakeholder consultation and field visit
Capacity Building
Involvement
Training
Stakeholder participation. The stakeholder 
consultation with fair representation of the 
community. CONAM should also require a 
minimum of women being trained in energy 
issues. This training should be organised by 
the developers
Developers
Annual
Long term needs
Future sustainability
Quantitative assessment of financial provisions 
for the long-term run of the plant. E.g. An extra 
fund for the replacement of the systems should 
be created as part of the users electricity fee.
Developers
Reporting
Annual
Technology
transfer
Self-reliance Qualitative assessment of the activities to built 
technical expertise at local level. Including 
supply of spare parts of equipment.
Developers, national 
and local authorities
5.3.2. Integrating policies and activities
It is crucial that Peru has a clear policy towards the CDM and that this is known to 
all stakeholders. This policy should allow CDM linkages with other government
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strategies. For instance, rural electrification plans. In this way other energy policies 
are not going to avoid the development of CDM projects and to attract carbon 
investment.
Funding from donor countries towards climate change activities provides significant 
capacity building opportunities in Peru. The Designated National Authority in Peru 
should promote the CDM to potential Peruvian businesses outside the capital, as 
knowledge on the CDM opportunities is still poor in other cities. Particularly, this can 
enhance the development of small energy projects at industrial level.
The Peruvian CDM strategy recognises the potential for small CDM activities in the 
country; however it does not propose a plan to promote these activities. It is 
recommended to identify the capacity building needs for these activities at human 
and institutional levels.
5.4. To energy companies such as Shell Group
This project supports knowledge and understanding of opportunities for the Shell 
Group in many ways:
e By knowing the Peruvian rural energy market -including its barriers, 
opportunities and lessons learned-, which can benefit Shell Renewable 
core business, specifically the Shell Solar Rural Operations.
e By the acquired experience on evaluating small CDM energy projects -  
mostly baseline determination and sustainable development assessment-, 
which can support consultancy work of Shell Global Solutions, specifically 
the Sustainable development and Emissions management teams. At 
present, host countries capacities are being built and clear approaches to 
assess sustainability benefits of CDM projects are required; hence expert 
consultancy service are also needed. European nations and companies are 
under pressure to achieve the targets in the European Trading Scheme and 
the Kyoto targets. Hence, the CDM is an alternative for emission reductions 
and consultancy service for creating project ideas and developing project 
design documents.
• This work provides the basis for project developers and investors such as 
Shell operating companies -E.g. Shell Gas and Power and Shell
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Renewable- interested in small CDM activities in the short-term future. As 
the CDM matures, the risks and transaction costs for small projects would 
be reduced. Hence, international private investors in the energy sector 
would be keen to participate.
• The Energy Programme of Shell Foundation can also benefit from the 
findings of this work. The detailed analysis and practical experience of 
micro-hydro and solar systems provides lessons learned which could be 
applied to other similar projects in different country contexts.
6. Future work
There are many aspects for future work on the CDM and project development to 
build on the findings in this thesis. The following is a list of the main areas to be 
explored:
Sustainability assessment in other host countries
Limited amount of work has been carried out on assessing the sustainability 
delivery of CDM projects to date. The CDM market is growing at such a fast rate 
that seems that the sustainability aim is not being considered as much as the 
emission reductions' aim. This thesis proposes a clear approach -in Chapter IV- to 
assess the sustainability component of small-scale energy projects, specifically 
Type I Renewable technology. This approach can be applied to carried out studies 
from other host countries and technologies. The indicators proposed in this 
approach can be adapted to the context of the particular study.
GHG assessment in other project types and host countries
Since 2003 to present (2007) the working group of small-scale CDM projects has 
been very active in proposing and adapting the standarised procedures for small- 
scale activities. Simple methods and equations to estimate baseline emissions are 
available. This thesis has taken an step forward and used the available equations 
with real project data to propose standardised baselines for activities that use 
energy within the rural context -in Chapter V-. The same can be done for other 
types of projects and sectors such as energy efficiency and transportation and in 
other country contexts. This will allow the development of standardised baselines 
per project activity and per country. Hence standardised Project Design Documents
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can also be used and these will reduce transaction costs for small-scale activities 
and make the CDM process more straightforward.
Financial assessment using Ufe-cycle costs
This thesis developed a financial assessment of solar and micro-hydro technologies 
using life-cycle cost methodology -in Chapter VII-. This methodology accounts for 
the project costs during its lifetime. The thesis explains in detail the process 
followed. This process can be replicated for other technologies in Peru or other host 
countries. The advantage of using this methodology is that it is logical, simple and 
does not need expertise. The use of a spread-sheet is enough. The approach can 
be used by project developers and project managers as it enables to analyse the 
financial performance of energy projects.
Carbon finance analysis for bundling and programmatic CDM
More experience is needed to apply the rules for bundling different types of projects 
in different countries. The same applies for the concept of programmatic CDM, 
which allows CDM activities that are part of a host country policy. These activities 
can be applied within different countries but with only one technology. This thesis 
uses an approach to analyse the carbon finance of micro-hydro and solar projects - 
in Chapter VII-. This approach can be used to carry out different scenarios for 
bundling and programmatic CDM. Currently there are about 250 projects registered 
as small-scale CDM activities at the Executive Board, real data from these projects 
can be obtained to assess if bundling and/or programmatic CDM can be financially 
feasible.
Bundling and programmatic CDM are alternatives to promote small-scale CDM 
activities. Hence, they should be explored and driven by host countries' institutions 
as they provide opportunities for non financially attractive projects -such as off-grid 
renewable technologies- which at the same time provide high sustainability benefits 
for communities.
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Abstract
Off-grid renewable sources have the potential to reach the millions of people living in rural areas 
without acess to electricity. The Clean Development Mechanism (CDM) of the Kyoto Protocol could 
offer funding for rural electrification projects in the developing world. However, the high 
administration costs and the complexity of the process are barriers for investors. This paper assesses the 
financial aspects for micro-hydro and solar technologies in rural Peru at project and CDM levels.
The paper quantifies the technologies’ project costs and compares them to the costs of using typical 
sources of energy -kerosene, candles, battery charging and mini-grid diesel-. At project level, the 
results show that from the users’ point of view, off-grid renewables are a cheaper option than the 
previous sources of energy. However, support and incentives are still needed to encourage investors. 
The findings also state that the link to the social, political and economic context of the projects is 
important. At CDM level, the financial incentives remain low for private investors with internal rates of 
return of 5%. Bundling micro-hydro projects can be possible but only if it is carried out with other 
technologies of higher emission reductions and not constrained to one country.
Key words: small-scale CDM projects, rural electrification, micro-hydro, bundling, Peru.
1 Introduction
Access to electricity is vital to human development; it is basic for day to day household activities such 
as lighting, refrigeration and powering appliances. Business, industry and public services such as 
healthcare and education are highly dependent on electricity. More than 1.6 billion people in the world 
do not have electricity (IEA, 2004, p. 26), of which around two-thirds are in Asia; 5% in Latin America 
and the rest in Sub-Saharan African. Four out of five people without access to electricity live in rural 
areas. However, the IEA predicts that electrification access will rise significantly from 65% of the 
population of developing countries (2002) to nearly 80% (2030). For Sub-Saharan and South Asia 
electricity access will remain low, estimating that by 2030, half of the population o f Sub-Saharan 
Africa will still live without electricity (IEA, 2004, p. 27)
Renewable sources can provide the energy needed for human development, reduce pollution and 
mitigate climate change. Small renewables can reach isolated rural areas where chances of grid 
connections are low; however, the implementation of these projects faces many barriers such as high 
capital costs and lack of technical expertise. These barriers can be reduced by applying a new financial 
concept know as the Clean Development Mechanism or CDM of the Kyoto Protocol1, which aims for 
developed countries to initiate clean technology projects in developing countries. Under this 
framework, project developers can earn Certified Emissions Reduction (CERs)2, which can be used to 
fulfill the donor countries’ emission commitments; in return developing countries will receive support 
to achieve sustainable development (Grubb et a l,  1999, p. 133; Jackson et a l, 2001, p. 25). This type 
of investment can be possible only if the financial conditions interest investors and project developers. 
Renewable energy projects with less than 15MW of capacity are one type of the small-scale CDM 
activities3 (UNFCCC 2002, pp. 1-2), this type can be on-grid connected or off-grid and can serve 
domestic, industrial or both purposes. Solar, wind, and hydro technologies are part of small CDM 
renewables. However, (as a new tool) the CDM penalizes small projects with its high transaction costs. 
These costs are due to the approval stage; for baseline development and CDM proposal that use 
consultants, for validating the proposal and for the project registration. In order to promote the interests 
o f small-scale CDM projects, a simplified process has been proposed in the following areas (UNFCCC, 
2002, pp. 3-4):
• ' Project activities may be bundled4 or portfolio bundled at the following stages in the project cycle: 
the Project Design Document-PDD, validation, registration, monitoring, .verification and
certification. The size of the total bundle should not exceed the limits stipulated for each project 
type. For example; a maximum of 15 MW capacity for small renewables.
• A simplified version of the CDM-PDD is also available for small-scale activities.
• The same Designated Operational Entity5 can validate, verify and certify the small CDM project.
• The registration period is reduced to four weeks after requesting for registration, only if no review 
of the CDM proposal was requested
Standardised methods for baseline quantification and monitoring (UNFCCC 2003) for small CDM 
activities have also been proposed. The details for the bundling process still need to be clarified as 
research and input progresses. Bundling presents an opportunity to reduce transaction costs of small 
CDM proposals and hence promote the developments of small projects. The aim of this paper is to 
discuss the results of a financial analysis o f micro hydro and solar projects operating in the Andean 
region of Cajamarca in Peru. The objective is to identify the barriers facing these technologies at 
country level and their implications on how to bundle these projects to be proposed as small-scale 
CDM activities. For that, two main analyses have been developed; the first is a financial appraisal of 
baseline and abatement energy costs at project level (without the CDM context). The second is a 
finance study of micro-hydro projects at CDM level.
2 Peru context
2.1 Rural electrification in Peru
In 2002, the Peruvian Ministry of Energy and Mines or MINEM stated that 75%6 of the total population 
have access to electricity (MINEM, 2002, p. 5). The distribution of access to electricity in the 194 
provinces of Peru shows that mainly people in the coastal region have access to more than 60% of 
electricity. At present, a total of 8 million people live in rural areas from which 80% (6.5 million 
people) do not have electricity. To improve this situation the MINEM has developed a Peruvian Plan 
for rural electrification for 2004-2013,1 with the objective to provide electricity access to 90% of 
Peruvians. The plan aims to minimise investment costs, support social-economic development of rural 
areas, attract private investors, apply clean technologies and protect the environment. The funds for this 
plan would come from four different sources: a) 2% of the profits from electricity companies, b) 25% 
of the resources obtained from privatising national electricity companies, c) transfers from public 
funding and d) external funding. A total of 336 projects8 have been proposed, this is connecting
transmission lines (3000km), small electric systems (27000km) and stand-alone grids such as thermal 
(5MW), hydro (7MW), solar (6MW) and wind (6MW) systems. A total of 4.2 million people will 
benefit from an investment of US$960 millions (MINEM, 2004, pp. 5-6). These figures clearly show 
that the main focus of this plan is to extend the existent electricity grid and to supply about 24 MW 
worth of off-grid plants. The questions is whether the government would be able to provide electricity 
to the remote areas where access to the grid would remain difficult and expensive.
2.2 CDM institutions in Peru
In September 2002, Peru ratified the Kyoto Protocol; the government has been active in a range of 
activities that support the aims of the climate convention and the protocol. The main activities: a) 
submitting the first National Communication in 2001; b) establishing the Peruvian Designated National 
Authority, in 2002, which is the National Environmental Council or CONAM; c) developing the 
National Strategy Study in 2003 which was incorporated in the country’s environmental plan; d) 
creating environmental offices in each ministry, that report and submit proposals for CDM projects to 
CONAM.
CONAM as the Designated National Authority has the responsibility to: monitor and register CDM 
projects in the country, follow up and comply with the Executive Board decisions. It is in charge o f the 
CDM project approval process. CONAM also assesses the sustainable development criteria of CDM 
projects on case-by-case basis. This assessment focuses on five aspects (Cigaran and Iturregui, 2004, p. 
23):
• Compliance with the Peruvian EIA (Environmental Impact Assessment) regulation
• Consistency with specific sectors and Peruvian development plans.
• Consistency with the Peruvian environmental agenda
• Application of proven technology
• Consideration of the stakeholders’ needs and the local community
In Peru, the process of approving a CDM project under the sustainable development criteria requires a 
letter of project approval and a report of the potential CDM project. This report is discussed in an Ad- 
Hoc committee meeting. This committee decides whether the project passes the sustainable 
development test or not. The committee has two types of members; permanent and project-related. 
There are five institutions taking part as permanent members; CONAM, the National Environmental
Fund or FONAM, the State Office for Promotion and Private Investment or Proinversion (Oficina de 
Promocion e Inversion), the Ministry of Foreign Affairs and the International Cooperation Agency. 
FONAM and Proinversion also have the task to promote the CDM by supporting national and 
international project developers on designing a CDM project idea. The project-related members are at 
least four; the related ministry to the project, an NGO representing local community, a national expert 
on EIA and other experts. CONAM estates that its CDM country approval process takes 45 days with 
no charge for the project developers.
So far the Peruvian government has been very active in setting up institutional capacities to deal with 
the climate change policies, especially the CDM. This allows flexibility and support for overcoming 
the transaction costs of small CDM projects as the subsidy o f approval costs, the promoting institutions 
and the trading capacity demonstrates. However, support on approving and promoting small projects is 
still needed; under the national strategy CONAM recognises the national potential for small activities 
and their high transaction costs (CONAM, 2003, p. xx) but it does not mention a strategy to promote 
these projects. In Peru there is the willingness and capacity to support CDM implementation in general, 
but it still lacks the institutional capacity to bundle small projects.
3 Background to projects
The eight communities studied are located in the highland region of Cajamarca, this has been reported 
as the second poorest region of the country, with 50% of the population living bellow poverty line, the 
communities studied are graded as very poor and poor areas (Flores, 2000, p. 9 ) 9. It has the highest 
number o f people without access to appropriate health service, sewage systems and electricity. The 
electrification rate is 33% (MINEM, 2002, p. 32). More than 70% of its 13 districts have inadequate 
transport infrastructure.
The energy projects were developed by a Peruvian NGO, Intermediate Technology Development 
Group or ITDG. The implementation of the projects was financially possible by an energy fund of 
US$400k coordinated by the developers in the form of loans. This was possible through an Inter- 
American Development Bank Programme for creating micro-hydro plants in Peru (Sanchez, 1999, pp. 
9-10).
The selection of the communities studied was based on location, technology use, capacity and use of 
the electricity. Technical and financial information for each project was collected by reviewing 
feasibility and projects’ reports and by interviewing developers and users. Visits to seven communities
with micro-hydro plants and one with 50 solar home systems (Table 1) were carried out. The surveys 
answered questions for the baseline and the abatement costs. They look at which fuels were used before 
the installation of the projects, what energy service was and is delivered, how much fuel was 
consumed, or is still being consumed, the amount of money spent on fuels or electricity, the amount of 
project investments and the sources of the investments.
Table 1 Projects in Cajamarca region
In overall, the main characteristics of the plants and communities are the following10 (Solis et a l,  2003,
pp. 261-262):
• The communities have access to the basic public services such as potable water, a health centre, a 
local authority, a police station and pre, primary and secondary schools.
• The poverty levels for these projects are between poor and very poor.
• For the energy plants, there are two types of ownership; private and local authorities.
• The main activities of the villagers are agricultural, farming and public services. There are basic
small-scale industries such as carpentry and diary production.
• The communities are isolated due to the lack of road access and transportation. In such 
circumstances, supply of goods (including fuels) is difficult, expensive and not reliable.
• The water availability through the year varies within communities and this affects the operation of 
the micro-hydro plants. For example, during the dry season -  from June to September- Trinidad 
and Chalân hydro plants operate only three hours daily. Chugur and Conchân plants however 
operate 24 hours per day throughout the year.
• Sunlight in this area is enough to charge a solar panel batteiy that runs for 3-4 hours/day for 
lighting for Atahualpa II.
• Most of the communities have similar energy baselines; kerosene and candles for lighting
households; national grid electricity or small diesel generators (from the neighbour villages) for 
charging car batteries. Yumahual, El Tinte and Atahualpa I communities’ baselines are mini diesel 
generators to power a chicken farm, a cooling milk service and workshops respectively.
4 Financial analysis at project level
A life cycle costs analysis o f energy expenditure of seven micro-hydro plants and a solar home system 
project operating in rural Cajamarca was carried out with the aim to compare baseline and abatement 
costs of these systems. The intention is to find out the potential of micro-hydro and solar technologies 
as investment opportunities and if rural users are financially better off with the service from the 
renewable technologies. For that financial appraisal methods were applied; present value, PV, net 
present value, NPV, and internal rate of return, IRR.
4.1 Baseline costs
Baseline costs are the costs that rural families incurred in energy services before the introduction of the 
renewable technologies. In the Cajamarcan communities there are five possible baseline sources 
representing costs; kerosene lamps (Eke), candles (Eca), battery charging (Ebc), milling (Emi) and 
diesel generators (Edg). Table 2 describes these costs per energy source. The total baseline costs (Cb) 
o f an energy source (E;) is the sum of all the individual baseline costs:
Cb(Ei)= Cb(Eke) + Cb(Eca) + Cb(Ebc) + Cb (Emi) + Cb(Edg) ...(1)
The baseline costs per rural technology Cb(Ej) are obtained by summing the capital costs (Cc), 
replacement costs (Cr) and annual costs (Ca) a follows:
Cb(Ei)= Cc(Ei) + Cr(Ei) + Ca(EJ .. .(2)
Table 2 Components of baseline costs for energy sources
Each baseline costs is calculated for 25 and 20 years for communities operating micro-hydro and solar 
systems respectively in order to allow comparing of baseline and abatement costs within the same 
period of time.
Here, the PV at 2003 is estimated for each baseline of each project; PV of the past (from when the 
project started its operation to 2003) and PV of the future (from 2003 to the end of the project lifetime)
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are calculated. Average Peruvian inflation rates are applied as discount rates for the past and real values 
for the future discount rates.
4.2 Abatement costs
Abatement costs are the costs of the mitigation technology in this case the renewable projects in use in 
each community. For this analysis the total abatement costs (Ca) are calculated by adding the 
investment costs (Cinv), grant (G), loan payments (Lp) and annual running costs (Cann) as follows:
Ca= Cinv + G + Lp + Cann .. .(3)
A PV for each variable is calculated at 2003 values using average Peruvian inflation rates as discount 
rates prior to 2003 and real values for rates after 2003.
Revenue costs (R) has also been calculated as the difference between annual benefits (Bann) and 
annual running costs (Cann):
R = Bann -  Cann .. .(4)
NPV and IRR are used to estimate the financial performance o f each project during its operating time 
considering the revenues it is generating at present.
4.3 Discussion of results
For this analysis, the eight communities studied have been divided into three types; domestic hydro, 
industrial hydro and domestic solar. The first type are the communities that use a micro-hydro plant 
mainly for domestic purposes with very little industrial use; they are Trinidad, Chalan, Chugur and 
Conchan. The industrial hydro communities are where the plant power is consumed in small workshops 
or industrial facilities with business purposes; they are Yumahual, El Tinte and Athaualpa I. The 
domestic solar community, Atahualpa II, is where 50 solar home systems are used principally for 
lighting by 50 households. The communities were categorized to allow a fair comparison between 
baseline and abatement cost, as the industrial communities would have spent more in energy to run 
their facilities while the domestic communities would not.
The baseline costs (Cb) for domestic hydro communities range from USS 68,000 to 440,000; for 
industrial hydro communities range between US$140,000 to 820,000 and the domestic solar 
community baseline costs are US$ 155,000. The principal sources of baseline costs for domestic hydro 
and solar communities are kerosene and candles. For industrial hydro communities they are diesel 
generators. The abatement costs (Ca) for domestic hydro communities range from US$48,000 to 
197,000; for the industrial hydro communities this is between US$ 58,000 and US$ 230,000 and for the 
domestic solar community it is less than US$ 55,000 (Table 3). These results show that micro-hydro 
and solar technologies are far cheaper options than baseline energy sources for domestic and industrial 
communities.
Table 3 Results of financial analysis, PV at 2003 (*)
Using the abatement costs per plant capacity (US$/kW) unit shows that the smaller the micro hydro 
project, the higher the abatement costs. For example; Trinidad -5 kW- with 9,700US$/kW and 
Yumahual-1 IkW-with 5,300US$/kW. It also shows that solar technology is still a very expensive 
option in rural Peru with nearly 20,000US$/kW for the Atahualpa II solar project.
4.3.1 Users’ perspective
4.3.1.1 Domestic hydro and solar communities
The financial analysis of baseline and abatement costs using US$ per household, US$/hh, unit allows 
comparing the rural household expenditure on energy services; these results (Figure 1) demonstrate that 
savings of 45% are being achieved by Cajamarcan households during the operating life-time of the 
projects. Considering that the average household income in this Peruvian region is US$ 1,500/year, 
with the baseline case the households spent 8% of their income in energy services while with the micro 
hydro or solar technology they spend 5% of their annual income. The ‘energy’ money saved can be 
spent in improving their living standards and basic needs such as education, clothing and health care. It 
is important to mention that these results consider current (2002) household electricity rates that are, in 
some cases, low to make the energy service financially feasible as the Investor’s perspective section 
discusses.
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Figure 1 Baseline and abatement costs for domestic hydro and solar communities
4.3.1.2 Industrial hydro communities
A comparison of the baseline and abatement expenditure US$/kWh unit is carried out for industrial 
hydro communities; Yumahual, el Tinte and Atahualpa I (Figure 2). For this category diesel generators 
and hydro plants are the baseline and abatement technologies. This assumes constant annual baseline 
and abatement electricity consumption for 25 years in each project.
The results show that for Yumahual, with a micro-hydro plant of l lkW (abatement) and a diesel 
generator o f 15 kW (baseline), the abatement technology is 70% less expensive than the baseline 
technology. El Tinte’s micro-hydro plant of 14 kW is also 70% less expensive than its diesel generator 
o f 15kW. Atahualpa Fs hydro station of 35kW is 90% cheaper than the used diesel generator of 30kW. 
This is due to the fact that O&M costs are lower for hydro plants than for diesel generators; besides 
that, the load factor of baseline and abatement costs increased with the new technology reducing the 
price per electricity consumed.
The results also demonstrate that abatement costs per kWh are subject to the plants’ load factors. For 
example; El Tinte hydro plant’s costs, in US$/kWh, are 80% higher than Yumahual (even considering 
the latter has a lower capacity, 1 IkW) and it also is 20% more expensive than Atahualpa I, which has a 
35kW plant. This is due to the fact that El Tinte has a load factor of 40%, Yumahual of 70% and 
Atahualpa I 80%.
Figure 2 Baseline and abatement costs for industrial communities
4.3.2 Investor’s perspective
Figure 3 illustrates the results of the NPV and IRR for the eight energy projects; showing that only 
Yumahual and Atahaulpa I make business sense for investors due to the fact that these plants have 
higher load factors than the others as their electricity is being used for production activities. The 
negative NPV and IRR results for the other communities mean that the accumulated revenues of the 
projects are lower than the capital costs during their operation life. These results present a relationship 
with the ownership of the plants. For example; Yumahual, with the best financial performance plant of
i i
12% (IRR), is a privately owned plant while Chalan with the worst performance of -22%, is owned by 
the local council. The main problems for poor plant performances are inappropriate electricity rates, 
users unwillingness of collaboration, lack of electric meters, low use of the electricity due to lack of 
management and local leadership to create small businesses and industrial activities.
Figure 3 NPV and IRR for micro-hydro and solar technologies 
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The following are the main barriers of micro hydro technology in Peru, they reflect the financial 
analysis of the projects studied (this part is only focused on micro-hydro as one solar project cannot 
provide enough insights for discussion). The barriers are divided into four main categories; investment, 
technical, management and social/political.
5.1 Investment barriers
5.1.1 Shortage of capital
Lack of local capital to invest in off-grid renewables is the main reason the implementation of micro­
hydro technology in rural Peru is low. The country’s rural electrification policy, mentioned above, 
depends on a government budget, which comes from the central government and international loans, 
the investment is mainly centered on expanding the national grid by installing transmission and 
distribution lines. For example, in 2003 a total of US$ 43 millions, which was 100% of the year’s 
budget, have been invested in more than 500 km of transmission and distribution lines (MINEM, 
2004b). Peru needs the creation of other sources of funding for rural electrification such as micro hydro 
technology.
5.1.2 Lack of financial mechanisms at the local level
The private sector in Peru has not incentive to invest in micro-hydro systems as capital costs, averaging 
US$5,000/kW, are still high. Subsidies to support this technology or other renewable technology do not 
exist. At present, there are few institutional mechanisms that combine technical project development 
and financial support such as ITDG.
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At the local level, the high initial cost of renewable technology is beyond the means of low-income 
families. If  a project is to be owned by the community extra financial, training and management 
support are required. The high initial cost is due to the high costs of transportation and installation in 
remote areas. At the local level, this reality presents an important barrier to the promotion o f this 
technology. Overall, the users do not have access to loans because they do not have loan histories or 
loan guarantees; hence, there is a requirement to develop an appropriate financial mechanism to 
promote this technology at the local level.
5.2 Technological barriers
5.2.1 Technical expertise at local level
Peru has developed technical and managerial experience to implement micro-hydro projects. This 
technology in Peru has been progressing since the early 1990s; hence its manufacturing and installation 
costs have been reduced. At present, there are different organisations that implement small hydro 
plants. However, at the local level in rural areas the situation is very different as there is a lack of 
technical capacity of manufactures, installers and technicians of this technology. Resources and 
training are mainly focused in the big cities, either the country or regional capitals which are not always 
easy to reach and affordable for rural customers. These issues create delays on repairing the plants 
when a technical problem occurs, it also creates conflicts between owners and users and increasing 
costs. We can say, therefore, that the technological capacity for hydro technology exists at the national 
level and regional level, but not at the community or local level.
5.2.2 Long-term plant sustainability
In normal conditions, operation and maintenance costs of micro-hydro technology can be covered by 
the projects. However, the financial study of these seven projects shows lack of financial provisions for 
the long-term operation of the plants or unexpected situations such as the breakdown of the equipment 
as a result of weather conditions. This situation puts at risk the long-term sustainability of the plant. It 
is one of the main problems that project owners (local authorities and private individuals) have to deal
with by borrowing extra money from banks and spending other funds. In many cases, this situation can 
force the plant to stop operating for as long as it takes for the owners to organise the funds. The lack of 
financial resources is related to the low electricity fee (discuss bellow) paid by customers, in the case of 
domestic plants owned by local authorities.
5.3 Management barriers
5.3.1 Low load factors and energy use
The projects studied showing the best financial performance are owned privately, they make better use 
o f the electricity available, with a load factor of 60%. The public owned projects, with load factors as 
low as 25% do not show financial success. In fact, two out of four projects own privately show positive 
NPV and three out of three projects own by local authorities show negative NPV. The main reason for 
the poor financial performance (Figure 3) is due to the low electricity tariff and to the poor use of 
electricity. The best-performed micro-hydro projects are the ones that use the electricity for industrial 
purposes. If more industries and businesses are created then better financial returns for the energy 
systems are generated. However, producing and trading goods require market access, which it is not 
available in small, poor and isolated villages. This suggests that energy systems’ capacities should be 
established according to the realistic use of the electricity in the community. The load factor can also be 
increased involving and supporting the community to exploit the power resource fully from the design 
stage of the project implementation.
5.4 Social/political barriers
5.4.1 Ownership and low electricity fees
The main reason for the poor financial performance (Figure 3) is due to the low electricity tariff 
(average of US$6 cent/kWh) paid by cosumers of local authorities owned micro-hydro plants. Usually 
the fees paid at the beginning of the operation of the plant remain the same after 3-5 years because of 
the following:
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a) Lack of community involvement- the users think that hydro electricity is not expensive because 
utilises the water naturally available showing lack of knowledge or information about the 
technology;
b) Lack of clear rules- the users think that it is the government obligation to provide electricity, hence 
to subsidy the service;
c) Political game- local authorities can promise low electricity fees to gain community votes for the 
next elections putting the long-term operation of the plant at risk as this may be a problem for the 
following electoral period.
A way to solve this problem is by involving the community at all stages of the micro-hydro 
implementation process.
5.4.2 Affordability and low energy consumption in poor communities
The domestic hydro projects studied demonstrate that rural communities maintain low electricity 
consumptions in comparison to communities living in urban areas powered by the national grid. For 
example; data from Conchan micro-hydro plant shows an average electricity consumption of 0.33 
MWh/year/household while the next neighbour town with access to the grid presents an average 
consumption o f 1.1 MWh/year/household12. This town is located about 30 km from Conchan. The 
explanation for that is that even with electricity access villagers cannot afford to buy new appliances; 
hence to consume more energy because households’ incomes remain the same. This is the affordability 
aspect, which must be considered when planning an energy plant as many projects expect to increase 
the electricity consumption over the years. This aspect is also referred as suppressed demand due to 
poverty, lack of infrastructure (Winkler et al. 2002, pp. 413-429) and a lack of a sustainable strategy 
for village electrification. This strategy should include development plans, introducing other activities 
if possible that can provide jobs and increase the local welfare.
6 Financial analysis at CDM level
6.1 Background to transaction costs and bundling
In the context of the CDM, transaction costs are caused by the administrative process that a CDM 
proposal has to encounter. Lately, transaction costs have been defined by the costs that arise from the 
tasks to be performed in the CDM project cycle (Krey, 2005, p. 2387). These costs occurr at three main
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stages13; before the CDM project implementation, during its implementation and when emission 
reductions are being traded. Table 4 presents the components of each stage and their respective 
definition.
Table 4 Transaction costs components
Under this market mechanism, small projects are the most vulnerable as they are exposed to transaction 
costs which sometimes can be even higher than the proposed activity costs. For small projects, even 
considering the simplified methods and procedure, the transaction costs are projected to be between 
US$ 23-78k (Gouvello ef a l,  2003, p. 19) and US$ 110k (World Bank, 2003), independent on the 
amount of emission reduced. On the other hand, Michaelowa et al. (2002, p. 25) have stated that small 
projects would face transaction costs as high as USSlk/tCOz. Lately, Krey (2004, p. 98) has determined 
that transaction costs for small projects in India could be higher than US$ 95k or US$ O.47/tOO^ 
reducing more than 11 ktCOa/year. High transaction costs would dramatically reduce the number of 
financially sustainable CDM projects. Foreign investors would prefer to generate a maximum amount 
of CERs; hence, will prefer large projects.
Overall transaction costs of the CDM projects can be minimised by bundling similar projects together. 
Indeed, bundling is included within the simplified modalities and procedures for small-scale CDM 
projects, the Marrakech Accords (UNFCCC 2001) suggest project bundling as a way to reduce 
transaction costs for small-scale CDM projects. A bundling organisation will take care of the bundling 
process by collecting projects and promoting the whole package to the investor. In addition to the 
possible reduction of transaction costs, bundling can also be beneficial in reducing project development 
costs such as engineering, procurement and construction costs; operational and maintenance costs; and 
in increasing the total investment volume. Under the CDM, bundling can be carried out at every stage 
of the CDM cycle and considering that the total size of the bundled activity should not exceed the 
limits of small-scale activities.
A study carried out in the West African region14 by IT Power (Green et a l, 2002, p. ii) determined that 
bundling can help to improve the financial viability of projects under certain circumstances, such as if 
bundled projects share certain characteristics, if there is a high generation of CERs (>20 ktCCVyear) or 
if the revenues from credits are significant (>10%). At the same time, Mathur (2002, pp. 1-4) has
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developed a bundling scenario for five small hydro projects in India, assuming the same project 
developer and area, similar technology use and operation by the same business sector. The results of 
this work suggest that by bundling the five energy projects the IRR is increased by about 1% in 
comparison to non-bundled projects. Furthermore, this study states that probing financial additionality 
of these bundled projects is extremely difficult, as at the moment the investment climate is still 
developing in India. Indeed, the IRR for each project ranged from 11-18%. Factor Consulting (Sutter, 
2001, pp. 1-34) also reports on a study carried out on different types of projects (biomass, renewable, 
energy efficiency and forestry) in India. The results show that if 13 groups are bundled, only 4 
qualified under the investor criteria (>15% of IRR and 5 CERs per 1000US$ of investment). Each 
group consists of 10 biomass projects. However, if 13 groups of 100 each are bundled, 5 enter under 
the investment area, which suggests that it is better to bundle larger number of projects.
Local institutional capacity is found as a factor affecting the success of bundling projects, as delays on 
passing through the project cycles occur. In African countries, climate change offices are not as well 
developed as they are in Latin American nations with 5 and 20 Designated Operation Entities15 
established respectively (UNFCCC 2005).
This section presents the results of the assessment for bundling CDM micro hydro projects. The aim of 
this section is twofold: a) to assess transaction costs of small CDM projects in Peru and b) to find out 
implications for bundling. Here, we use technical, environmental and financial data of the projects 
studied. The study is based on the CDM developer/investor perspective because this would determine 
in principle if a project makes business sense to be undertaken. There are three main steps applied:
a) Finding out transaction costs for a single CDM project in Peru.
b) Bundling micro-hydro CDM projects
c) Carrying out a sensitivity analysis for bundled CDM projects using three different scenarios.
Table 4 presents a summary of the projects with data on capacity, emission reductions, electricity 
consumption, load factor and investment costs.
Table 4 Summary of micro hydro projects in Cajamarca
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6.2 Transaction costs for a CDM project in Peru
To date implementing small projects as CDM activities is far too expensive because of the high 
transaction costs involved. In overall, Gouvello et a l (2003, p. 19) establish that transaction costs could 
vary from US$ 8 to US$78k if local and international consultation is used respectively. In India, 
Bhardwaj et al. (2004, p. 24) report average costs of US$58k for small-scale CDM projects. This study 
estimates minimum transaction cost of US$ 64k for a small CDM project in Peru as shown in Table 5. 
Appendix I justifies these costs.
Table 5 Transaction costs for CDM projects in Peru
The main costs for a micro hydro CDM project are in the validation, verification and certification 
components. Operational entities from developing countries can reduce these costs; hence, incentives 
for their participation are needed. For example; a reduction on the operational entity application fee can 
be considered.
6.3 Bundling micro-hydro projects
As established in the previous section transaction costs are far too expensive to even propose a small 
CDM project. Therefore, a scenario of seven micro-hydro projects bundled as one CDM project is 
evaluated. The following shows the basis for this analysis:
• The seven small projects are located in the same geographical area: Cajamarca, Peru.
• They use equal technology; micro hydro.
• The electricity is supplied for domestic and small industries use.
• The micro hydro plants replace the same energy baselines (kerosene, candles and diesel 
generators).
• The installed capacity is 245 kW, an annual electricity consumption of 360 MWh and a total 
investment of 520k USS, in Table 4.
• The total emission reductions are 200 tC 02/year during 21 years of crediting period, assuming 3 
stages of 7 years each. Hence a total reduction of 4200 tC 02.
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• One enterprise develops all the projects. This allows the financial, administrative and technical 
aspects being managed by only one institution. In that way, the pre-implementation and 
implementation of the projects become less complex.
The transaction costs for bundling seven projects are US$ 170k, see Table 5 highlighted in blue, the 
calculations are justified in Appendix II. This result shows that projects within the same category and 
technology have the potential to decrease transaction costs when bundled. This amount represents more 
than 30% of the investment costs for the seven projects and a transaction cost unit of US$40/tCO2 when 
considering 4,200 tCOg reductions in 21 years. This explains why even when bundling these seven 
projects the transaction costs are too high to attract CDM investors in micro hydro projects as they 
produce low emission reductions. Transaction costs of potential micro hydro CDM projects are still too 
expensive in relation to large CDM project’s transaction costs which have been reported between 
US$0.2-0.7/tC02 Michaelowa et al. (2005, p. 515 and 2003, p. 268) and between US$0.07-0.47/tC02 
in India (Krey, 2005, p. 2385).
For the bundled projects the search and CDM-PDD are the main costs (Table 5). Search costs can be 
minimized if the ministry of energy or its regional representative provides data o f pre-feasibility 
reports. Standardized CDM-PDD can be developed for rural electricity projects per country, the PDD 
should considered the different energy baselines (such as kerosene and diesel generators) and should 
estimate emission reductions using the standardized methods available (see UNFCCC 2004).
6.4 Sensitivity analysis of bundled projects
The sensitivity analysis for bundled micro-hydro projects was carried out to identify the minimum 
number of projects necessary to handle transaction costs. This assumes total transaction costs o f US$ 
170k. The assumptions are mainly based on a unilateral CDM process with the participation and 
subsidy from the government. The use of Latin American certifiers for the validation, verification and 
certification tasks are also considered.
A sensitivity analysis model was developed to determine internal rate of return -IRR- and net present 
values -NPV- for seven groups16 of bundled projects. The analysis is carried out in three cases:
• Case A, without the CDM, it examines business as usual scenario;
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• Case B, bundled CDM projects with a CER price of US$ S/tCOz and
• Case C, bundled CDM projects with a CER price of US$ 10/tCO2.
These prices are conservative and based on the current CDM market. E.g. the Dutch Certified
Emissions Reductions Procurement Tender or CERUPT established CER prices between 3-6
Euro/tCOz (Senter International, 2001, p. 5), the Prototype Carbon Fund transactions are also priced at
3-6 Euro/tCOz (PCF, 2003, p. 30) and CDM Highlights newsletter reports prices between 6-10
Euro/tCOz. (Liptow, et a l,  2005, p. 4).
The question to answer here is; how many projects are needed to bundle to cope with transaction costs
and with investment? The following are the general premises applied for this analysis:
• A low rate of return in order to determine the lowest number of projects that need to be bundled to
make business sense. In reality, the number of projects bundled will need to be higher to attract 
investors as opposed to governments.
• Projects of one technology, micro-hydro, are bundled. The intention is to simplify the finance, 
capital and operational costs, which are based on data of the micro-hydro projects studied. A 
project lifetime of 21 years and an electricity tariff of US$ 11 cents are used17.
• A low discount rate of 5% is used because the projects are targeted towards social development. 
This discount rate can be challenged as it depends on who carries out the analysis and on the 
investor criteria. It is applied here for illustrative purposes only.
• The capital costs are divided into four stages; planning, civil engineering, electrical work and 
distribution with respectively average costs of 15%, 48%, 15% and 20%.
• The annual operating costs are between 2-4% and increase above that with the age of the plants.
• The community owns the projects and they are represented by the public authority and by a local 
committee. Experts on micro-hydro technology are the developers. Financial assistance from the 
central government and international banks is received.
• The finance is available with a loan of 80% of the total capital costs at 10% of interest rates and 
two years of grace. The local government and communities where the projects would be 
implemented are investing the remaining 20%.
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6.5 Results of sensitivity analysis
The results of case A demonstrate, that under business as usual situation it does not make sense to 
invest in these projects, IRRs of less than 5% and negative NPVs. This is because of the high capital 
technology costs, loan payments and low electricity rates. This could improve if the project owner - 
local government and community- adopts more than 20% of the capital investment.
Table 6 Sensitivity analysis results for micro-hydro bundled projects
To illustrate this consider that 336 micro-hydro plants with 12MW of capacity and producing 17,000 
MWh/year18 of electricity are implemented with capital costs of US$ 25 million (Table 7). Assuming 
that 25,000 families19 would receive electricity service from the projects, if they were the owners of the 
facilities with 20% of investment about US$ 200 per family would be required. This amount can be 
paid during the year of implementation of the plant. Then the government could contribute by 
subsidising at least US$ 850k to balance the basic financial criteria. It can be said that under the 
business as usual with strong public and community participation it is possible to implement these 
projects if development benefits are put at first.
Case B results show that the IRRs are less than 5% and the NPVs are negative for all the bundled 
projects; demonstrating that the revenues from selling CERs at US$ 3 are not enough to deal with the 
transaction costs and minimum financial criteria. Case B seems more promising than case A as the 
results demonstrate that the revenues from CERs could finance small projects.
Case C presents IRRs between 5.1 to 5.4% for the group o f 84, 168 and 336 projects. This illustrates 
that the bundled projects could overcome transaction costs and be financially viable if CERs are sold at 
US$ 10 and more than 84 projects are bundled. This is only possible if the market for the CDM 
increases. Demand of CERs is happening with the Protocol ratified and the European Emissions 
Trading Scheme on board, in which the CDM is also accepted. The results also show that for less than 
42 projects bundled negative NPV are obtained. A previous study also correlates these results 
demonstrating that bundling seven small hydro projects of 2.2 MW negative financial indicators -a t 
discount rate of 12% and loan rate of 9%- are achieved because of high capital costs, see Green et al.
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(2002, p. 41). Hence, under the current circumstances -technology price and transaction costs- there are 
three main conditions to make small CDM projects such as micro-hydro financially feasible:
• A large number of bundled projects, more than 80.
• Bundling with projects of higher CER.
• Higher CER price.
Figure 4 Sensitivity analysis results for micro-hydro bundled projects
It is important to highlight that the financial incentives still remain weak for private investors bearing 
in mind the range of risks related to the CDM. E.g. 84 bundled projects require >US$ 6million, 
obtaining NPV of US$ 26k -in  21 years and 5% discount rate- and CER revenues of USS 263k, which 
allow for the financing of the technology, see Table 7. These projects need to be encouraged and 
accepted as development activities if they were to exist as CDM at all.
Table 7 Bundling micro-hydro projects
Another question is; is it possible to implement more than 84 projects in only one country? This 
depends on the country potential and the realistic capacities -expertise, financial and organsational- to 
carry out the task. Peru has a generous hydro potential of 1000MW for small plants (FONAM, 2002, p. 
13); however, as discussed above the Peruvian rural electrification plan aims to install less than 7 MW 
of small hydro plants. At non-governmental level the situation is not better; for example, the 
development agency experience, such as ITDG, shows that implementing these types of projects is 
complex. ITDG-Peru has been working on energy projects for more than 10 years during which 25 
hydro plants have been installed to date, with a total capacity of < 1MW. Hence, to carry out more than 
80 projects is very difficult for only one institution as it takes many years, even if technical expertise in 
the country is available. Therefore, the following is recommended for micro-hydro plants:
• They should be bundled with other technologies that provide higher emission reductions, such as 
biomass or methane conversion for energy use. For example; EcoSecurities (2000, p. 21) 
establishes that a 2 MW biomass plant of 20 years of lifetime gives emission reductions of 35 
ktCCVyear, while a set of 3 MW micro hydro plants would only give 3 ktC02/year.
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• They should be bundled with projects in other countries of higher baseline fuel consumptions per 
household than in Peru. For example; Argentina where rural households consume 255 litres/year of 
kerosene Ybema et al. (2000, p. 12), while the rural Peruvian average consumption is 140 
litres/year (Solis, et a l, 2003, p. 265). It is acknowledge that bundling with different countries 
might present institutional problems as two or more different Designated National Authorities 
would be involved.
• The development of standardised host country s’ PDDs for rural electrification projects.
7 Implications for bundling CDM projects
This analysis shows that bundling a group of micro hydro plants as one CDM activity can support this 
technology; in this case, more than 80 projects are needed to be aggregated to achieve basic financial 
viability -NPV US$ 24k in 25 years with 5% of discount rate. Because of the low emission reductions 
of micro-hydro projects in Peru, bundling them with other higher emission reduction technologies such 
as biomass or with projects in countries of greater baseline levels could provide better chances as CDM 
initiatives.
It is suggested that a bundling organisation could be in charge of these activities. This entity could be a 
development agency with experience in the technologies at developing country level and interest in the 
CDM. It would be responsible for proposing the bundling o f different projects in developing countries 
to the CDM-Executive Board. Then taking the bundled project through the CDM cycle and contacting 
the Designated Operational Entities for validating, verifying and certifying the project. It would also 
liaise with the Designated National Authorities of host countries -and donor countries in the case of bi 
or multi lateral development-.
It is also important to highlight that developing large groups of micro hydro projects requires country 
expertise and structured organisational frameworks. These are not always available in poor countries.
8 Conclusions
8.1 At Pern level
This paper demonstrates that micro hydro and solar technologies are less expensive options than 
baseline energy sources for domestic and industrial applications in rural Cajamarca. We can establish 
that the total abatement costs of micro hydro systems in this region of Peru are between US$2-10k/kW. 
The sample of 50 units of solar systems is too low to propose a price range. In overall, domestic users
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are saving up to 45% on energy costs while industrial projects, 70%. Hydro plants’ load factors and 
type of ownership play very important roles for the financial performance of this electricity source. The 
study demonstrates load factors higher than 40% for private projects and as low as 25% for public 
owned plants. It also estimates IRR higher than 10% (in 21 years) for two out of the four private plants. 
From this study we conclude that micro hydro technology can be a feasible electricity source at rural 
level in Peru for private and public projects. Public owned plants can learn from the private experience. 
The following suggests important actions to consider in the three main stages on a project 
development:
• Design stage- by estimating realistic plant capacities and electricity use according to local market 
conditions and by involving the local community.
• Implementation stage- by installing electric meters and by applying appropriate rates to ensure the 
long-term sustainability of the plant. These rates should also consider the local household 
affordability.
• Operation stage- by ensuring adequate operation and maintenance practices.
Within these three main steps the management of the project should allow community participation and 
promote local technical training that self-sustains the plant and creates new jobs.
Government involvement promoting off-grid energy technology and creating financial incentives, such 
as subsidies and access to financial loans, to private investors is needed. This should be included in the 
Peruvian energy policy for electrification of rural areas.
Further research is needed for solar technology in Peru, which can be focused on user’s adaptability, 
application, technical problems and local expertise.
8.2 At CDM level
This work shows that even a group of bundled projects, with a capacity of <12MW, do not present 
enough financial incentives for investors (IRR 5% in 21 years) as they cannot absorb the high costs of 
the CDM cycle, specially searching, validating, verifying and certifying projects. Considering that this 
study assumed the simplified process for small-scale CDM projects. Under these conditions, it can be 
said that micro hydro projects are not going to attract private investors.
As it is suggested here the possibility for micro hydro technology is to be mixed with other 
technologies that share the same baseline sources and that reduce higher emissions.
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The CDM Executive Board still needs to create flexible rules for bundling different types of projects in 
different countries; more research and input is required to allow the creation of bundling institutions. In 
Peru there is the willingness and capacity to support CDM implementation in general, but a lack of 
institutional capacity to bundle small projects.
The development consequences of this type of technology at community level should not be dismissed 
and should encourage action at government level. Unilateral CDM projects may be one CDM route for 
small activities to encourage development, this option was already discussed by others Jahn et al. (2004 
p. 21-22), Begg et al. (2003, p. 23), Factor Consulting (Sutter, 2001, p. 27).
9 Appendix I Transaction costs for a single CDM project in Peru
It has been estimated that the minimum transaction costs for a small CDM project in Peru would reach 
USS 64k. This figure is breakdown into the following:
• Search costs of USS 5k, which corresponds to the pre-feasibility study and engineering design of 
the plant. This assumption is based on data availability for MHP plants already implemented in 
Peru. Establishing that an average of 6% of the total investment costs is used for pre-feasibility
studies and engineering design for plants of less than 80kW of capacity (Sanchez, 1999). It is
assumed that the promotion costs are subsidised by the Peruvian government as there are already 
institutions20 marketing CDM projects (CONAM, 2003).
• Development PDD costs of US$ 10k, based on consulting Latin American experts on A ll and 
CDM proposals. Requiring about three months of work for two people.
• Approval costs are not being considered because the Designated National Authority in Peru -  
CONAM- does not ask for approval fees. CONAM and participant public institutions subsidise 
this cost, which it has been estimated as US$ 4.7k per CDM project. CONAM covers about 70% 
of the approval costs (Cigaran et al., 2004).
• Validation costs of USS 15k, considering current market prices with falling validation costs as 
competition between Designated Operational Entities grows. This cost is based on international 
validators as to date there is not a Peruvian Designated Operational Entity. Validation to be carried 
out three times during every crediting period of 7 years.
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• Registration costs of US$ 5k, based on the CDM-Executive Board initial administration fee at
registration stage of a CDM project with an average emissions reductions of less than 15
ktC02e/year (UNFCCC 2004).
• Monitoring costs of US$ 3k, assuming the plant operator carries out this task with training 
provided.
• US$ 16k is assumed for verification and certification costs. This is based on the same Designated 
Operational Entity as for validation stage, which is permitted for small CDM projects under the 
Marrakech Accords (UNFCCC 2002). As validation, verification and certification need to be 
undertaken each 7 years.
• Legal review costs of US$ 10k assuming advice from local legal experts.
• Trading costs for small projects are subsided by the government because institutional capacity has 
already been created. FONAM deals with trading CERs (Cigaran, et a/. ,2004).
10 Appendix II Transaction costs of bundled CDM projects
The total transactions costs of bundling 7 micro-hydro projects are estimated to be US$170k, this
figure originates from the following justifications:
• Search costs of US$ 35k, which is the same as for a single project times the number of projects.
• The development of the PDD costs USS 30k, this cost is based on consulting Latin American
experts and it considers that there are seven rural locations to include in the project description 
each with correspondent stakeholders comments. Public input is organised locally as they lack
internet and telephones facilities. The baseline calculations are based on three main baseline
sources; kerosene, diesel generators and candles.
• Approval costs, idem as for single project: it is not considered because the Peruvian Designated 
National Authority subsidises the fees.
• Validation costs of US$ 30k, assuming double of typical validation costs for a single project.
• Registration costs of US$ 5k because the bundled projects reduce C 02 emissions by only 220 
tC 02e/year, which represents far less than 15 ktC02e/year.
• Monitoring costs of USS 15k for training the operators of the 7 plants. One monitoring report is 
carried out by the developers.
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• USS 30k is assumed for verification and certification costs. The verification is applied by using 
standard monitoring methods and by sampling 2-3 projects.
• Legal review costs of USS 20k assuming advice from local legal experts.
• Assuming that trading costs for small projects are subsided by the government (see footnote 16).
11 Notes
1 The objective of the Protocol is to reduce greenhousegases from developed countries in the period between 2008-2012, these 
countries’ emissions must be 5% bellow their emissions in 1990 (Grubb e t  a l ,  1999, p. 115-116). After Russian ratification in 
November 2004, the Kyoto Protocol entered into force in February 2005.
2 A  CER is a unit of emission reductions that has been generated and certified under the CDM, it equals 1 tC02 equivalent.
3 Energy efficiency projects saving less than 15GWh/year and others (such as agricultural, switching fossil fuels, etc.) reducing 
less than 8 tC02/year are the others two types of small-scale CDM projects.
4 Appendix C of the Simplified Modalities and Pocedures for Small-Scale CDM project activities establishes that de-bundling, or 
separation, of a large project cannot be accepted, unless the total size of the project does not exceed the limits for small CDM  
activities (UNFCCC 2002).
5 A  Designated Operational Entity is an approved organization(s) that validates a CDM PDD before its registration to the 
Executive Board, it also verifies and certifies the CDM project’s emission reductions.
7 This plan is based in a Rural Electrification Plan for 2003 to 2012 published in 2002 (MINEM, 2002). The targets and budget of 
the 2004 plan is the same as the 2002, the only difference is the period for achieving the goal of 91% access to electricity.
8 From which 243 would be small electric systems, 60 small hydro systems and 33 transmission lines.
9 This data is taken from a FONCODES or Fondo Nacional de Compensation Social report, which developed poverty levels for 
Peru in the form of a ‘poverty maps’. These maps recognize seven indicators; malnutrition, health, education, roads, potable 
water, drainage and electricity. A  poor level and very poor levels indicate that more than 30% and 40% of the population live 
within poverty limits (Flores, 2000, p. 5-8).
10 These characteristics are based on the projects’ feasibility reports and field trip survey.
11 This framework is based on the work established by IEA/OECD (1997), Probase (2003, pp. 143-144), and lately proposed for 
small-scale CDM activities in Attachment A  to Appendix B of the simplified modalities and procedures for small CDM projects 
UNFCCC (2003)
12 This figure was taken from Electronorte, the regional electricity company, during the field trip visit (Electronorte, 2002).
13 For a full discussion on transaction costs definition with and without the CDM context refer to Krey (2005, p. 2386-2387), 
Michealowa et al. (2002, p. 7-9) and Fichtner et al. (2003, p. 250).
14 Specifically in Burkino Faso, Guinea, Mali, Niger and Senegal.
15 By March 2005, a total of 71 Designated National Authorities are listed in the CDM website from which only 5 shown to be 
from Western African countries while 20 are from Latin American nations (UNFCCC 2005).
16 The seven groups are separated into 7,14,21,42, 84,168 and 336 micro-hydro plants.
17 This tariff is conservative and based on rural Peruvian average consumption of <lMWh/year/hh, representing an annual 
expenditure of USS 100 that corresponds to less than 10% of the total household income of USS 1500/year. This fee is higher 
than the average fee paid at present in the studied communities as it was demonstrated above that at this fees the financial 
performance of the systems are at risk.
18 Assuming a load factor of 50%, which is an average value from the studied micro-hydro plants, see Table 4. This is realistic 
because the seven plants analysed are used for a mix of services from lighting to small production facilities.
19 Considering an average household consumption of 0.7 MWh/year.
20 Proinversion and The National Fund of Environment or FONAM in Peru are in charge of promoting and funding pre­
investment of CDM projects respectively (CONAM 2003). FONAM also trades the CER in Peru.
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Table 1 Projects in Cajamarca region
Village Project Capacity
(kW)
Year of 
operation
Pover
ty
Level
(*)
Househ
olds
Distance to 
Cajamarca 
Km (hours)
Owner
ship
Energy
use
Trinidad Micro­
hydro
4 1997 P 22 140 (5) Private Domestic
Chalân 25 1995 VP 94 190 (7) Local
authorit
y
Chugur 75 1997 VP 115 80 (4)
Conchân 80 1995 P 160 200 (12)
Yumahual 11 1997 P 1 70(4) Private Small
industriesEl Tinte 14 1996 P 1 30(1)
Atahualpa I 35 1992 P 35 30(1)
Atahualpa II Solar 55 Wp 2002 P 50 30(1) Domestic
(*) VP: Very poor, P: Poor based on FONCODES poverty levels. 
Table 2 Components of baseline costs for energy sources
Energy sources Capital costs (Cc) Replacement costs (Cr) Annual costs (Ca)
Kerosene lamp Lamp and transport cost Lamps’ replacement every 5 
years
Fuel, glass mantles and 
wicks (annual costs)
Candles None None Annual Costs o f candles
Battery charging at 
recharging station
Buying old car batteries Batteries’ replacement every 2 
years
Charging and transport 
costs
Milling at milling 
station
None None Milling and transport costs
Diesel Generator Generator, transport and 
installation costs
None Fuel and O&M costs
Table 3 Results of financial analysis, PV at 2003 (*)
Type Community
Baseline 
costs, Cb
Abatement 
costs, Ca
Baseline
US$/hh
Abatement
US$/hh
Baseline
US$/kWh
Abatement
US$/kWh
Abater
US$/k'
Domestic
hydro
T rinidad-5kW 68182 48631 3099 2211 - 0.27
Chalan-25kW 440544 132482 4687 1409 - 0.16
Chugur-75kW 338748 121331 2946 1055 - 0.12
Conchan-8 OkW 243516 197422 1522 1234 - 0.15
Industrial
hydro
Yumahual-1 IkW 182085 58001 - - 0.14 0.04
El Tinte-14kW 143033 61197 - - 0.79 0.25
Atahualpa 1-3 5kW 823417 233863 - - 0.99 0.06
Domestic solar Atahualpa II-2.75kW 154588 54157 3092 1083 - 0.92 1
( * )  At 2003 money value, exchange rate of 3.42 Peruvian Nuevos Soles per 1 US$.
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Table 4 Transaction costs components
CDM Step Component Description
Pre-Implementation Search costs Costs incurred by investors and host as they seek out 
partners for mutually advantageous projects
Negotiation costs Costs incurred in the preparation of the project design 
document, which also documents assignment and 
scheduling of benefits over the project period. It also 
includes public consultation with key stakeholders.
Baseline determination 
costs
Development o f a baseline (consultancy)
Approval costs Costs o f authorization from host country
Validation costs Review and revision of project design document by 
operation entity
Review costs Costs o f reviewing a validation document
Registration costs Registration by UNFCCC Executive Board
Implementation Monitoring costs Costs to collect data
Verification costs Costs to hire an operational entity and to report to the 
UNFCCC Executive Board
Review costs Costs o f reviewing a verification
Certification costs Issuance o f CERs by the UNFCCC Executive Board
Enforcement costs Includes costs o f administrative and legal measures 
incurred in the event o f departure form the agreed 
transaction
Trading Transfer costs Brokerage costs
Registration costs Costs to hold an account in national registry
Sources: Modified from Michealowa, et a l  (2002, pp. 10-11) andDudek, et al. (1996, p. 173). 
Table 4 Summary of micro hydro projects in Cajamarca
Energy Plant Capacity
kW
Emissions reductions 
(*) tC02/year
Consumption
MWh/year
Load factor 
%
Investment costs
(**)
kUS$
Trinidad 5 5 10 84 18.5
Yumahual 11 55 65 68 42.0
El Tinte 14 7 10 39 45.0
Chalan 25 50 30 64 90.9
Atahualpa I 35 30 140 80 119.5
Chugur 75 41 40 26 95.1
Conchan 80 12 50 32 110.9
Total 245 200 360 - 522
(*) Average emission reductions Solis, 2005.
(* * )  Includes capital and loan payments, at 2003 money value, exchange rate of 3.42 Peruvian Nuevos Soles per 1 US$.
33
Table 5 Transaction costs for CDM projects in Peru
CDM Stage Component Cost per CDM 
project (k USS)
Costs per CDM ' 
bundle (kUS$)
Pre-Implementation Search costs 5 ,  L.V .. :
Development of FDD 10 3 5
Approval costs 0 0
Validation costs 15 30
Registration costs 5 Î 5 '
Implementation Monitoring costs 3 ; is
Verification and certification costs 16 30
Review costs 10 20
Trading Transfer costs 0 :0   ^ , '
Total transaction costs 64 : 170
Transaction costs unit (US$/tC02) 55 0 40 (*+)
(* )  Assuming Yumahual project with the highest emissions reductions -  1155 tC02 in 21 years. 
( * * )  Assumming a total emission reductions of 4200 tC02 in 21 years for the seven projects.
Table 6 Sensitivity analysis results for micro-hydro bundled projects
No projects Case A (BAU) Case B (US$3/tC02) Case C (US$10/tCO2)
IRR NPV IRR NPV IRR NPV
7 4.6% -$18k 0.4% -$224k 1.0% -$198k
14 4.6% -$35k 2.5% -$230k 3.1% -$177k
21 4.6% -$53k 3.2% -$237k 3.8% -$157k
42 4.6% -$106k 4.0% -$256k 4.6% -$96k
84 4.6% -$213k 4.4% -$294k 5.1% $26k
168 4.6% -$426k 4.6% -$370k 5.3% $270k
336 4.6% -$852k 4.7% -$52Ik 5.4% $756k
Table 7 Bundling micro-hydro projects
Number of projects 84 168 336
Total reductions (ktC02) 81 162 323
Installed capacity (MW) 3 6 12
Expected electricity demand (MWh/year) 4290 8580 17,161
Number of families 6250 12500 25000
Total capital costs (US$million) 6.3 12.5 25
CER revenues (kUS$) 263 767 1,700
NPV (US$ k) 26 270 757
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Figure 1 Baseline and abatement costs for domestic hydro and solar communities
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Abstract
The Kyoto Protocol encourages developing countries to actively participate in the 
climate change policies through the Clean Development Mechanism (CDM); which 
allows investors from developed countries to earn emission credits for investing in clean 
technology projects in developing countries. The environmental integrity and 
commercial attractiveness of CDM projects depend on making the process to obtain the 
emission credits straightforward, equitable and cost-effective. Therefore, developing 
countries institutions have a key role to play in this process, as CDM projects would 
first need to be approved by them.
In order to ensure that CDM projects fulfil the sustainable development and emission 
reductions objectives, the Executive Board of the CDM requires participating countries 
to propose a Designated National Authorities or DNAs, for the approval of projects. The 
DNAs’ roles include functioning as “one stop shops” with a point of contact for CDM 
project developers, co-ordinating with all governmental departments and institutions 
and approving CDM projects under the sustainable development criterion.
The process of promoting and approving CDM proposals in host countries depends on 
the way how DNAs are designed and structured. This also directly influences the 
investment environments in those countries. Indeed, national approaches with lower 
transaction costs, lesser bureaucratic hurdles and faster approval processes will be more 
likely to attract CDM investors.
The paper compares the design and functions of DNAs as institutional setups to address 
the climate change in Peru and Pakistan by looking at the following main institutional 
aspects: designs, capacities and activities. It shows three main lessons learnt from the 
two countries: the delay of the Protocol ratification affecting the delivery of CDM 
projects; the lack of funding gathering affecting capacity building for training climate 
specialists and the lack of institutional activities affecting the attraction for investors.
Keywords: institutional design, Designated National Authorities, Clean Development 
Mechanism.
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1.0 Introduction
The Kyoto protocol of 1997 is seen as a first step in addressing the problem of climate 
change as it legally binds industrialised countries to reduce their greenhouse gas 
emissions by 5.2 percent below 1990 levels by 2012 (Grubb et al. 1999). It also 
encourages developing countries to actively participate in climate change activities 
through the Clean Development Mechanism (CDM), which allows investors from 
developed countries to earn emission credits for investing in clean technology projects 
in developing countries. Under the CDM, developing countries may also receive 
technical and financial support from investor countries and programmes that helps them 
in their efforts towards obtaining sustainable development benefits from the projects. 
Therefore, developing countries institutions have a key role to play in this process, as 
CDM projects must first be approved by them in order to ensure that national interests 
are incorporated. The environmental integrity and commercial attractiveness of CDM 
projects further depend on making the related processes straightforward, equitable and 
cost-effective.
In order to ensure that CDM projects fulfil the sustainable development and emission 
reductions objectives, participating countries are required to propose a national 
authority, (Designated National Authorities or DNAs), for the approval of projects. This 
article reviews the design and functions of DNAs as institutional setups to address the 
climate change in Peru and Pakistan by looking at the following main institutional 
aspects: designs, capacities and activities. The paper identifies the role of various 
factors which has influenced the institutional development and the CDM activities in 
both countries.
The objective of the paper is to highlight the role of institutions in implementing 
environmental activities in two developing countries: Pakistan and Peru. DNA 
institutions are taken as a case to explore their roles in implementing climate change 
mitigation activities through CDM. The two countries are selected due to the fact that 
Pakistan has been slow in getting involved with the CDM activities as it only ratified 
the Protocol in early 2005, after it came into force. On the other hand, Peru has shown 
more involvement in the CDM activities since 1998.
2.0 Background
The Marrakesh Accords in 2001 established several institutional levels for 
implementation of CDM projects. These include both international and national 
institutions which will be involved at the different stages of the CDM project cycle: 
project design, validation, monitoring and verification, certification and issuance of 
CERs (see Figure 1). The CDM Executive Board, multilateral agencies and Designated 
Operational Entities have been setup at the international level. At a national level, 
DNAs both in host and investors countries are required to carry out various institutional 
functions.
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Figure 1: The Role of various institutions during CDM project cycle
Source: Solis, 2006
The CDM is supervised by the Executive Board, which is composed of ten members. 
The Executive Board accredits independent organizations (known as Designated 
Operational Entities or DOE) that will validate proposed CDM projects, verify the 
resulting emission reductions and certify the CERs.
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To participate in CDM activities, both investor and host countries must meet three basic 
requirements: a) voluntary participation, b) establishment of the National CDM 
Authority (known as Designated National Authority or DNA) and c) ratification of the 
Kyoto Protocol (UNFCCC, 2001). The Figure 2 shows at present the UK and the 
Netherlands have the highest number of CDM projects registered (92 and 89 CDM 
projects respectively) as investor countries. This is due to the fact that these two 
countries have established their DNA in the early stages (prior to 2000) of the CDM 
negotiations. They have also been applying a range of activities to attract the interest of 
potential CDM projects. A good example is the Dutch Carbon Emission Reduction Unit 
Procurement Tender or CERUPT which invested more than 32 million Euros by 2004 
(Solis 2006).
Registered projects by At and NAI investor parties
Canada (3.45%) ,im itep Kingdom o f Great Britain and Northern ireiamJtaty (4.08%) flpg
Spain (4.39%)—  ' ™
iSwWML&SlB&M—l - * '  1 . ~
<:::K '
• Netherlands (27.90%)
http://cdrn.unfccc.tnt (c) 13.11.2006 18:23
Figure 2: Registered CDM projects by investor countries
Establishment of DNA in host country is a necessary to participate in CDM activities 
under international rules along with ratification of the Kyoto protocol. Although many 
developing countries have ratified the Kyoto Protocol, some have yet not been able to 
establish their DNA due to various reasons including lack of funding to support these 
institutions. By November of this year (2006), only 3/4th of the countries that had 
ratified the Protocol have established DNA as well.
Countries in Latin America started establishing DNAs as early as 1994, while many 
countries in Asia and Africa started this process in past two years. Although the number 
of DNAs has increased for African and Asian countries in the last two years; the CDM
delivery (in terms of number of projects registered) demonstrates that experience on the 
CDM institutional aspect play an important role. For example, in African region to date 
there are only 10% of Kyoto parties have registered CDM projects registered while in 
Asia and Latin America 33% and 50% countries have registered CDM projects 
respectively (see Figure 3).
Number of parties/DNA by region.
50
0  KP Parties 
E  Parties with DNA 
0  Parties with project exp. 
E  parties with reg. projects
U-AFra NAi-ASP
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Figure 3: DNAs and CDM projects distribution by region
3.0 Comparison of DNAs in Peru and Pakistan
The review and comparison of both DNA is centred around the design and functions of 
DNAs by looking at the following main institutional aspects: designs, capacities, 
activities and systems and procedures. Two main approaches are applied to carry out 
this study: a) interviews with the representatives of DNAs and relevant stakeholders and 
b) review of publicly available documents.
3.1 Institutional Design
An effective national institutional arrangement is vital to harness the CDM potential and 
attract investors (Michaelowa, 2003). The international legal rules applicable to the 
CDM projects also require the designation of national authority for the CDM projects. 
Since these rules do not specify or give further guidance as to the requirements for 
establishing a DNA, different countries have taken distinctive approaches to design 
their CDM institutions (see The World Bank, 2003). Some of the common approaches
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include the establishment of DNA within an existing ministry, multi-departmental 
(ministerial) DNA and an independent government office as the DNA. The way that 
DNAs are designed and structured will affect the process of promoting and approving 
CDM proposals in host countries. As a consequence it has significant influence on the 
investment through CDM in those countries. Indeed, national approaches that have 
lower transaction costs, less bureaucratic hurdles and faster approval processes will be 
more attractive to CDM investors given similar levels of country attractiveness for 
investment in general.
Michaelowa (2003) recommended independent governmental office with full decision 
autonomy and professional, permanent staff as a DNA for host countries. The 
independent DNA would have the advantage of a relatively straightforward decision 
making process and could avoid the unnecessary delays caused by conflicting interests 
of different ministries, however, they would have to bear higher administrative costs. 
On the other hand a DNA operating under a ministry has the advantage of having least 
administrative costs but it is highly unlikely to have all the expertise required to assess a 
wide range of projects. A multi-departmental (or ministerial) advisory setup will draw 
upon the expertise from different departments, but due to the need for consensual 
decisions, delays in the approval process are likely.
PERU: The Peruvian government begun to establish climate change institutions and 
became active in CDM activities in the middle of the 1990s. The National Climate 
Change Commission was formed in 1999 and the National Environmental Council 
(CONAM) was established as DNA in 2002, the same year that Peru ratified the Kyoto 
Protocol. Since 1998, CONAM has implemented a Climate Change Unit hat is in charge 
of generating knowledge and awareness on the different levels of climate change. 
CONAM is responsible for national environmental policies, including climate change. 
An Ad-Hoc committee reviews sustainable development impacts of project 
submissions. These members consist of permanent members from CONAM, the 
National Environmental Fund or FON AM, the state Office for Promotion and Private 
Investment or Proinversion, the Ministry of Foreign Affairs and the International 
Cooperation Agency. Furthermore, project-related members of at least four from the 
related line ministry for the project, an NGO representing the local community, a 
national expert on EIA and other experts are included.
The operation of the Peruvian DNA is simple and flat and is based on the national 
environmental management system conformed on multisectoral and multidisciplinary 
teams (Cigaran, 2004). The DNA structure and functions are as follows: CONAM's 
Executive Secretary delegates the operation of the DNA to the Climate Change Unit 
which comprises a Head and an environmental expert. The unit receives support from 
the Climate Change Cooperation Programme (PROCLIM) which has two experts to 
implement the National CDM Strategy. Other experts can be requested if CONAM 
requires. The Ad-Hoc Committee plays a role when approving CDM proposals. 
FONAM and Proinversion are key institutions that promote and create investment on 
the CDM. Figure 4 shows the structure of the Peruvian DNA.
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Figure 4: Peruvian DNA structure
Note: the numbers in brackets show the number of staff involve.
PAKISTAN: Pakistan did not start any institutional activity until the ratification of the 
Kyoto Protocol in January 2005. Soon thereafter, the DNA was established in the 
Ministry of Environment with the mandate to manage the CDM process efficiently and 
transparently and in line with national sustainable development goals. The DNA 
consists of a national CDM steering committee, a technical committee and a secretariat 
and works under the guidance of the Prime Minister’s committee on climate change 
(Figure 5). The steering committee consists of representatives from various ministries 
and government agencies and has provisions for corporate sector representation. The 
role of both the steering and technical committees is mainly to provide advice on policy 
and technical issues to the secretariat that was recently established within the Ministry 
of Environment and is responsible for most of the DNA tasks (focal point for CDM 
projects, evaluation and approval of project proposals).
7
il
i l
P
$<;k,
Prime ISnisfeer^s Commirtee oa Oîmaie
Project Proponent
*
CDM Steering 
Committee/Miim by of 
Environment 
— i----------------------------* —
■r
DZWCIBi
Secretariat
National and International
Organi-zatioas/ SaàeMMers
CDM FaeEtation 
OfGce
........... T.
Technical
▼
Committee (Energy Technical Committee Technical
Conservation and (Agii, Foresttv and Committee (Waste
Renewable Energy) livestock) Management)
Figure 5: DNA Setup in Pakistan
Source: Government of Pakistan (2006)
3.2 Capacities
The capacity of the host country’s DNA is perhaps one of the biggest factors in its 
effective CDM market participations (Silayan, 2005). A well established, trained and 
experienced DNA will have the ability to minimize transaction time, thus cutting down 
on transaction costs. These conditions will effectively attract the project developers and 
project investors as the perceived risks are lower in comparison to the countries where 
these conditions do not exist. In addition, a capable DNA will effectively evaluate 
project proposal based on the established national priorities and sustainable 
development criteria.
PERU: At operational level, the Peruvian DNA consists of two staff, the Head of the 
Climate Change Unit and an environmental expert. This unit has the support of at least 
two experts (see Figure 4). At the promotional and financing levels, there at least five 
people, they have received training on the CDM concept and process. For instance, 
FONAM, which is in charge of promoting CDM activities, supports project developers 
with creating CDM project ideas notes and also deals with commercialising emission 
units or CERs. Proinversion, provides guidance to CDM investors on the country 
investment policies and opportunities.
PAKISTAN: The CDM secretariat which was formed in 2005 consists of three 
technical persons. By not signing the Kyoto Protocol earlier Pakistan did not get the 
experience of early learning into these types of mechanisms. Due to the late start of 
institutional activities, there is non-availability of the information and knowledge about 
potential CDM opportunities.
3.3 Activities
There are two broad categories of activities which DNA can perform: regulatory and 
promotional (Figueres, 2002). The regulatory functions are mandatory for all DNAs and 
include the evolution and approval process of CDM projects. The regulatory procedures 
are discussed in Section 3.4. The entry into CDM market is highly competitive. The 
DNA can play several roles that will enhance a country’s participation in this market. 
These activities could include; raising awareness through workshops, seminars and 
training, disseminating information, building capacity of project proponents, and 
marketing CDM projects. Moreover, DNA can facilitate investment by developing a 
portfolio of diverse high quality CDM projects that meets to the needs and interests of 
wide range of potential investors. Table 1 shows the comparison of DNA activities in 
Peru and Pakistan.
PERU: In Peru, a national strategy for CDM was developed in 2003, which was later 
incorporated into the country’s environmental plan. To date, the CDM portfolio consists 
of 26 projects that are divided into two categories; energy and forestry. The energy 
category has 21 projects in four main areas: hydroelectricity, transportation, waste 
management and biomass. In total they aim to reduce 3.5 MtC0 2 /year, requiring an 
investment of nearly 900 million US$. The forestry category identified five potential 
projects with afforestation and reforestation activities, that aims to cover 28,000 
hectares of land and to achieve reductions of 110 ktC02e/year achievable with an 
investment of 28 million US$. Peru has already registered three CDM projects and 
several are at the planning stage.
In Peru, CONAM and FONAM have made available basic information on the CDM on 
their respectively web pages. A series of national and international CDM seminars have 
also being organised. For instance, in April of this year a two-day event on Formulating 
and Evaluating CDM projects was carried out with the participation of international 
presenters. In the case of the three registered CDM projects in Peru, two are partly 
funded by the Dutch and Italian government and one by a private company.
PAKISTAN: The CDM provides tremendous opportunity for Pakistan to improve 
industrial efficiency and develop clean and renewable energy. However, there is little 
information and knowledge about potential CDM opportunities. So far, only one CDM 
project has been proposed and registered. In interviews with various organizations, it 
became clear that there is a lack of awareness on CDM among potential project 
developers such as industries, NGOs, local authorities, and governmental organizations. 
There is not much emphasis on the promotional activities by the national DNA. It has 
yet to develop a systematic awareness raising and capacity building programmes. The 
use of internet which presents an opportunity for information dissemination has yet to 
be explored. Currently the only information available on the ministry of environmental
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website is the CDM operational strategy. Japan is host investor country for the first 
registered project in Pakistan.
Table 1: DNA setup in Pakistan and Peru and their activities
DNAs’ Setup/activities Peru Pakistan
Date o f establishment 2002 2005
Type Independent Inter-departmental with 
CDM secretariat (under 
Ministry of the 
Environment)
Staff 9
2 (operational) & 7 (promotion 
/investment)
3
Website CONAM DNA (CDM 
operation)
FONAM (CDM promotion)
Not launched yet
Regulatory activities
Procedures developed Yes Yes (January 2006)
CDM projects approved 3 (Renewable: hydro) 1 (N20  abatement)
Promotion activities
Awareness raising Workshops, seminars Limited to only occasional 
workshop/seminar
Capacity building Training of staff not started yet
Preparing portfolio of List of potential projects ready not started yet
potential projects
Marketing In hands of Proinversion not started yet
3.4 Systems Procedures
As part of the regulatory functions, DNA is responsible for creating a regulatory 
framework for CDM projects. To comply with these prerequisites, DNA has to develop 
a process of evaluation and approval. This involves setting clear criteria for host country 
approval. The evaluation and approval process should include sustainable development 
criteria. Establishing transparent procedures for the screening, evaluation and approval 
are key for attracting CDM investments. In addition, the additional information for 
project developers such as guidelines on development and the presentation of projects 
should be provided.
PERU: CONAM assesses sustainable development benefits of CDM projects on a case- 
by-case basis and focuses on five aspects:
i. Compliance with Peruvian Environmental Impact Assessment (EIA) regulations;
ii. Consistency with specific sectoral and development plans;
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iii. Consistency with the Peruvian environmental agenda;
iv. Application of proven technology;
v. Consideration of the stakeholders’ and local community needs, 
with no charge for the project developers.
‘ n o  t o œ m e t o ï duty’ on transfer or sale of CER is part of the operational strategy in 
Pakistan.
4.0 Discussion
present annual emissions of Spain and the United Kingdom c o m h m e d  These projects 
will also contribute towards sustainable development in developing countries. However 
CDM projects are still unevenly distributed amongst countries. Figure 6 shows that the 
most attractive countries are India, Brazil and Mexico. These countries are from Asm 
and Latin America. The figure also shows that African countries are not representative. 
Uneven distribution is a cause of concern as countries which will not receive 
investments under CDM could also miss the opportunity of transfer of cleaner 
technology and hence sustainable development (Silayan, 2005).
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Figure 6: Registered CDM projects
The review of the institutional factors in Pakistan and Peru shows that the level of 
participation into the international efforts to combat climate change has been affected 
by the following factors:
- the delay of the Protocol ratification affecting the delivery of CDM projects;
- the lack of funding gathering affecting capacity building for training climate 
specialists; and
- the lack of institutional activities affecting the attraction for investors.
Countries which have engaged in the establishment of institutions early have had the 
benefit of attracting CDM investments due to the knowledge and experiences gained in 
the process (Silayan, 2005 and Figueres, 2002). The Peruvian government begun to 
establish institutions since the middle of the 1990 and became active in activities to 
support the aims of the climate convention and protocol. On the other hand, Pakistan 
has showed a great passivity towards the Kyoto Protocol; due to lack of understanding 
of the concept and weak institutional support (Aslam, 2001). Due to the late start of 
institutional activities, little information and knowledge is available about potential 
opportunities for GHG reduction in different sectors.
Financial constrains are seen as the major barriers in capacity building and institutional 
development in developing countries (Winkler et al. 2005). However, DNAs in 
countries which adopted active role were also able to attract more donor funds in
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conducting studies such national strategy studies and capacity building programs. In 
2003, the Peruvian government developed the National Strategy for the CDM which 
was later incorporated into the country’s environmental plan with the assistance of the 
World Bank financial support.
In the absence of active institutional framework, Pakistan was not able to attract such 
type of funding to develop a national strategy to inform stakeholders about CDM 
potential and define priority sectors. The lack of funding also affects the other capacity 
building programs such as raising awareness, carrying put information and 
dissemination activities and conducting training for project developers. The complex 
procedural requirements require expert knowledge in the developing the projects. To 
foster high quality CDM projects that will successfully complete the project cycle, there 
is a need of technical and training support to the potential project developers in 
assessing, evaluating and developing potential CDM projects and project design 
documents (PDDs). The only one project which Pakistan has proposed has been 
prepared by foreign consultants. Hiring foreign consultants will have negative impact 
on the transaction cost of the project. The high administrative costs may not only reduce 
the benefits of the project but can also create hurdles in taking up of small-scale projects 
(Solis et al. 2002).
The concept of market mechanism such as CDM is new for Pakistan. In general there is 
a low level of awareness about this concept, as there has been very little effort in 
promoting the CDM by government. In the past, most environmental policies and 
programmes have unfortunately not been able to make a major impact on environmental 
problems in Pakistan because of political instability, lack of progress in institution 
building, lack of awareness in the government administration and bureaucratic hurdles 
(UNIDO, 2000).
5.0 Conclusion
There are differences in the design set up and activities of DNA in both countries. 
However, the DNA mainly in Pakistan has limited to regulatory functions. The CDM 
market is highly competitive and investors have so far preferred a cluster of few 
countries. To ensure effective participation into this opportunity, DNAs in both 
countries not only have to carry out their regulatory function but also have to play 
significant role in promoting and marketing. Without strengthening institutional 
capacity, it will be difficult to attract CDM investments and achieve sustainable 
development. As a fist step DNA in Pakistan should conduct study to develop a 
portfolio of potential projects. DNA should also focus on capacity building in project 
formulation, project development, project monitoring.
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Summary
Under the Kyoto Protocol to the United Nations Framework Convention on Climate Change 
(UNFCCC) there are 3 flexibility mechanisms. These mechanisms are the Clean 
Development Mechanism (CDM), Joint Implementation and Emissions Trading. These 
mechanisms allow countries to augment domestic action to achieve targets by trading in 
carbon reductions. This allows the reductions to be met in a cost effective way.
The CDM allows projects developers to earn certified emission reductions credits (CERs) for 
projects to reduce Greenhouse Gas (GHG) emissions. In this case the investor or donor is 
likely to be a country with targets while the reductions will take place in a developing 
country without targets. The mitigation project carried out must also deliver sustainable 
benefits to the host country. However the environmental integrity and commercially 
attractiveness of CDM projects depend on making the process to obtain these CERs 
transparent, fair and equitable.
However there are concerns that the project approval process (which may be lengthy and the 
outcome of which may be uncertain) might translate into high transaction costs. These costs 
could represent an important barrier to some legitimate projects, particularly smaller projects. 
To help level the playing field for small projects there is the need to fast-track small-scale 
CDM projects by researching for simplified modalities and procedure for these projects. 
Another concern is the how to analyse the sustainable development contribution of such 
CDM projects.
The main purpose of this EngD project is to support the study and understanding of the 
principal issues of potential small-scale CDM projects in the energy sector. The research will 
be carried out with the objective to identify options for simplifying methods and procedures 
for evaluating and developing small-scale projects. This will allow reducing transaction costs 
of implementing small-scale energy projects and therefore increase the benefits for 
developers and local communities from such projects. The delivery of sustainable 
development benefits delivered by the projects is also a key objective of the study.
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The study focuses on the assessment o f small-scale renewable energy projects such as micro­
hydro (MH) technologies at rural household level in Peru. Existing projects will be examined 
in detail, so that the real problems and issues behind their implementation and operation can 
be identified and analysed. This will support successful implementation o f small-scale CDM 
projects and it will contribute to the whole process o f CDM implementation.
The project focuses on the study o f the following CDM issues related to small-scale MH 
renewable energy projects^ the delivery o f sustainable development benefits together with the 
capacity building created and the technology transferred by those MH projects. 
Methodological issues including baseline definition, system boundary, leakage determination 
and monitoring plan that can be applied to develop potential small-scale MH CDM projects 
will also be investigated. The role o f the project in the overall provision o f energy services to 
the community will be examined to inform an integrated approach to CDM projects possibly 
using the sustainable livelihoods framework as an additional area o f study of the EngD 
project.
The following provides a brief outline o f the dissertation:
Chapter 1 provides an overview on the science and expected impacts of climate change and 
its current international policy response. It also introduces the concept o f the CDM. Chapter 
2 presents the different approaches to quantify emisison reductions followed by an example 
and Chapter 3 presents the concept o f sustainable development. Chapter 4 is an overview of 
the international climate chang policies in the Latin American region and it also presents the 
activities being carried out in Peru. Chapter 5 explains the current and future work o f this 
EngD projects. Chapter 6 outlines the approach o f this study by explaining how its objectives 
are going to be achieved. Finally, the activities o f the Shell Group within the climate change 
issue are presented in Chapter 7.
Contribution to knowledge
The aims and objectives outlined above constitute a contribution to knowledge. The 
deployment of the results is potentially wide-ranging, and the methodology applied to assess 
the emission reductions and the delivery o f sustainable development o f MH projects can be 
used to evaluate other potential CDM projects.
5
Proposed journal articles
‘A streamlined methodology to assess small-scale renewable energy CDM project activities’. 
This article will propose a standard method to calculate emission reductions methodology by 
using real data from case studies in Peru. It is proposed that this paper will be submitted to 
Energy Policy in 2003.
‘Assessing sustainable development delivery o f CDM energy projects in rural communities’ 
is also proposed to be submitted in 2003 to Climate Policy. This paper will propose a way to 
evaluate the contribution to the sustainable development o f CDM energy projects in rural 
communities.
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Chapter 1.__________ Background to the subject
1.1. The Science o f Climate Change
Climate change was defined by the UNFCCC (Article 1.2.) as ‘a change o f  climate that is 
attributed directly or indirectly to human activity that alters the composition o f  the global 
atmosphere and which is in addition to natural climate variability observed over 
comparable time periodsy (UNFCCC 1992). Harvey (2000) defines climate change as 
occurring when there is a change in the average and/or variability o f climatic variables from 
one 30-year period to the next. Year-to-year or even decade-to-decade oscillations do not 
constitute a change in climate, but rather are part o f the variability o f weather that serves to 
define the climate of a given region. In normal scientific usage, climate change refers not 
only to change due to human activity but also due to natural variability or processes.
The earth’s climate is affected by factors that cause a change in the redistribution o f energy 
within the atmosphere or between the atmosphere, land, and ocean (Jepma and Munasinghe 
1998).
For more details about the science o f climate refer to the Appendix 1.1. RTS Shell Report 
(OG.01.47009) section 1 & 2.
1.1.1. Human Causes o f Climate Change
Alterations o f climate on a global and continental scale are caused by human activities, by 
direct emissions o f GHGs and by emissions of other gases that alter atmospheric 
concentrations o f GHGs indirectly (e.g. by chemical reactions) and by resulting changes in 
water vapour concentrations. On a continental scale, the climate is also affected by humans 
through the emissions of a variety o f aerosols. Changes in land cover (e.g. deforestation) also 
influence climate, largely at the local scale but also, when involving a large area, on the 
global scale through changes in the surface energy balance and evapo-transpiration rates.
Concentrations of natural GHGs (excluding water vapour) are directly influenced by 
emissions associated with the combustion of fossil fuels, by some agricultural activities, and 
by the production and use o f various chemicals (Harvey 2000).
There are four principal human causes o f climate change: increasing concentrations o f long- 
lived, well-mixed, GHGs globally, changes in the concentration o f 0 3, increasing
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concentrations of aerosols and changes in the land cover. These are summarised in the 
following Table 1.
H U M A N  C A U S E S D E S C R IP T IO N  AND R EA SO N S
In c re as in g  co n c e n tra tio n s  o f G H G s
The G H G s originate mainly from the combustion of fossil 
fuels. G H G s (except from 0 3  and w ater vapour) are called 
well-mixed gases
Life-span and the ability of a gas to trap heat on a 
molecule-bv-molecule affect climate (see Table 5)
C h an g es  in the  c o n cen tra tio n  o f Os
Chem ical reactions involving reduction (stratosphere) and 
production (troposphere) of Os concentration depend on 
where they occur.
The overall radiative forcing calculation requires a detailed 
spatial model of Os distribution.
In c re as in g  con c e n tra tio n  o f 
an th ro p o g e n ic  aero so ls
Tropospheric aerosols have short life-span (days); 
therefore, the strength of the emission sources varies form 
one region to another
C h an g es  in the land co ver
Changes in land cover (desertification, deforestation and 
salinization) caused a global mean cooling tendency of 0.2  
C during the preceding 25 years, and up to 1 C cooling 
during the preceding several thousand years.
As an example; conversion of forest to cropland caused a 
sum m er cooling of up to 2 °C over a wide region of the 
central of the US (Bonan, 1997)
Table 1 Human Causes of Climate Change
(Source: Harvey 2000)
The Intergovernmental Panel on Climate Change (DPCC)* states in its 2001 report that there 
is new and stronger evidence that most of the warming observed over the last 50 years is 
attributable to human activities’ (IPCC 2001).
1.1.2. Effects of Climate Change
The severity and impact of climate change varies in different parts of the world. For instance, 
different ecosystems respond in different ways to changes in temperature and precipitation. 
Over centuries, human communities have adapted their lives and activities to the present 
climate. If the changes of climate occur rapidly, the adaptation of the affected communities 
could become difficult.
There are three principal effects of climate change; sea level rise, effect on water resources 
and the risk to human health.
1 The IPCC is a body of over 3000 leading scientists working in climate change research.
1.2. Climate change policy
Internationally, a range of solutions has been proposed to combat climate change. This 
section provides an overview of these international policies on climate change.
The UNFCCC, adopted in 1992 and ratified in 1994, established an international legal 
framework to address global climate change. Parties to the Convention agreed to stabilise 
GHG concentrations in the Earth’s atmosphere by returning to 1990 GHG emission levels 
(Grubb et al 1999).
At the 3rd Conference of the Parties (COP3)2, held in Kyoto (Japan) in 1997, Parties adopted 
the Kyoto Protocol, which further refined the Convention. The Protocol commits 
industrialised countries (defined as Annex I3 countries in the Protocol) to attaining legally 
binding GHG reduction targets during the period 2008-2012. These commitments average 5% 
below the 1990 GHG emissions level (UNEP 1999).
Entry into force of the Protocol requires ratification by at least 55 countries, responsible for 
at least 55% of industrialised countries’ GHG emissions in 1990. In November 2001, at 
COP7 in Marrakech, Morocco, Parties reached agreement on the legal text needed to 
implement the Protocol despite the withdrawal of the United State from the Protocol. At 
present (June 2002), the number of Parties that have ratified the Protocol is 74. The total 
emissions of Annex I Parties that ratified is 35.8% (UNFCCC 2002). At the 2002 Earth 
Summit, Russia and China declared their intention to ratify the Protocol, which means that it 
will almost certainly come into force.
In industrialised countries, including the UK, most GHG emissions are produced by private 
companies and individuals. Each country will; therefore, have to either regulate or encourage 
large GHG emitters to reduce these emissions. Within the Kyoto Protocol, Annex I countries 
are expected to achieve these emissions reductions chiefly by applying domestic actions at 
-home. However, the Protocol also provides emitters with other approaches to achieve the
2 supreme body of the Convention is the Conference of Parties (COP), which met for the first time in Berlin in April 1995. 
The COP now meets annually. These meeting are also well attended by a variety of other organisations including multilateral 
institutions (such as the World Bank), industry, non-governmental organisations (NGOs), academics, etc. The OOP's role is to 
promote and review the effectiveness of national climate change programmes and the implementation of the new scientific 
findings. It also can adopt new commitments through amendments and protocols to the Convention (UNEP 1999).
3 Annex I to the UNFCCC lists all the countries in the Organisation of Economic Co-operation and Development (OECD), plus 
countries with economies in transition. Central and Eastern Europe (excluding former Yugoslavia and Albania). By default other 
countries are referred to as Non-Annex I countries.
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remaining GHG reduction in a cost-effective manner through three special ‘flexible 
mechanisms’-the CDM, Joint Implementation (JI) and International Emissions Trading (DET).
✓ The CDM  offers an opportunity to Annex I countries or entities to generate project- 
based Certified Emission Reductions (CERs) under Article 12 of the Protocol. The 
CDM authorities require that these CDM projects must contribute to sustainable 
development in the non-Annex I country and must result in real, measurable and long­
term reductions. Further, the project must deliver emission reductions that are 
additional to those that would have occurred anyway without the project. CERs created 
in the pre-commitment period from 2000 to 2007 can be banked for use by the Annex I 
countries in fulfilling their commitments in the first budget period from 2008-2012 
(Grubb et al 1999). Figure 1 illustrates the concept of this market-mechanism.
v J I  relates to projects that reduce emissions or enhance sinks permitted only among 
parties in Annex I under Article 6 in the Protocol. Parties may authorise companies to 
participate in JI projects. This type of project allow Annex I countries to invest in 
projects to reduce GHG emissions and receive the emission reduction credits in return.
✓ IET  is a market-based approach to achieving environmental objectives that allows 
countries reducing GHG emissions below their commitments to trade the excess 
reductions with other nations to offset the latter’s emissions. More generally, trading 
can occur at the domestic, international and inter-company levels. Article 17 of the 
Kyoto Protocol, allows Annex B countries4 to exchange emissions obligations. 
Negotiations will determine the extent to which firms and other private entities may be 
allowed to participate.
The details about the UNFCCC and the Kyoto Protocol together with the history of these 
international agreements are presented in Appendix LI, section 3 and in Appendix 1.2. 
International Climate Change Policies and Latin American Participation, section 1.
4 Annex B in the Kyoto Protocol lists those developed countries that have agreed to a target for their GHG emissions, including 
those in the OECD, Central and Eastern Europe and the Russian Federation. Not quite the same as Annex I, which also includes 
Turkey and Belarus, while Annex B includes Croatia, Monaco, Liechtenstein and Slovenia.
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Figure 1 The concept of the Clean Development Mechanism
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1 3 . The Clean Development Mechanism and small-scale pro)ects
As explained in the previous section, the CDM of the Kyoto Protocol offers an opportunity to 
industrialised countries (or businesses in those countries) to initiate projects with cheapest 
abatement costs in developing countries. These projects will reduce GHG emissions and will 
help to fulfil industrialised countries’ commitments on emission reductions. They will also 
contribute to achieving sustainable development in developing countries. This section 
explains the main characteristics and issues of the CDM.
1.3.1. Characteristics of the Clean Development Mechanism
The CDM project cycle has three main key actors; project participants (developers, host and
donor countries, investors, etc.); the Executive Board5 (supervises the CDM process) and 
designated operational entities (organisations in charge of the validation, verification and 
certification of the CDM project that are accredited by the Executive Board).
5 The Executive Board was nominated by the UNFCCC during COP7, in Marrakech. There are ten members of the board and 
their main task is to develop and agree on the CDM rules and procedures.
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The CDM project cycle has five stages (Dutschke et al 2000):
i. Project design
This stage includes the preparation of the project design document (FDD) where the project 
is described. It includes the analysis of the environmental impacts, the achievement of the 
additionality criteria (including the assessment of the emission reductions resulting from the 
CDM project) together with the type of baseline and monitoring plan applied. The FDD must 
be posted for consultation and comments received taken into account.
ii. Validation and registration
Validation is the process of independent evaluation of a CDM-PDD. This evaluation is 
carried out by a designated operational entity. Registration is the acceptance of the validated 
CDM project by the Executive Board.
iii. Implementation and monitoring
Implementation is the execution of the CDM project and Monitoring is the collection and 
archiving of all relevant data necessary for estimating GHG emission reductions within the 
project boundary. In order to execute this activity a monitoring plan, mentioned in stage i, 
should be applied. The monitoring plan should have been validated by the designated
operational entity. The monitoring methodology applied needs to be previously accepted by
the Executive Board. After monitoring and reporting reduction of GHG emissions, CERs can 
be calculated.
iv. Verification and certification
Verification is the periodic independent review and final determination by the designated 
operational entity of the monitored GHG emission reductions of the CDM project. 
Certification is the written assurance by the designated operational entity that the CDM 
project achieved GHG emission reductions.
v. Issuance of CERs
The certification report of the CDM project is necessary for issuance by the Executive Board 
of CERs.
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Figure 2 presents the CDM project cycle together with the key actors and issues involved. 
The key issues related to the CDM implementation are described in section 1.3.2.
The implementation of a CDM project is a complex process for the parties involved. After 
many years of negotiations, the initial framework and rules for this implementation have been 
agreed during COP7, as is reported in the Marrakech Accords (UNFCCC 2001a). The 
Executive Board of the CDM has the task to develop and agree on the CDM’s rules and 
procedures. It also has to develop and recommend simplified modalities and procedures for 
small-scale CDM projects. There are many issues that are still unclear and not well defined 
under the CDM process. There is a great need of research on those issues in order to support 
the tasks of the Executive Board.
Figure 2 The Clean Development Mechanism project cycle
Key issues
•Sustainable D eve lop m en t  
•Technology  transfer  
•Capacity building  
•Additionality
•Emission reduction calculation  
•Baseline 
•Leakage
•System boundary
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1.3.2. Issues of the Clean Development Mechanism
At present, the principal aspects that need to be clarified within the CDM context are the 
following:
• Additionality is a concept, which tries to ensure that the emission reductions produced 
by the project are real and would not have happened anyway. There are four main
Kev actors
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• EB
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types which are distinguished; environmental, investment, financial and technological. 
Firstly, such projects should be additional in the sense of achieving real reductions in 
GHG emissions, over and above what might be expected in the absence of the project. 
The investment in CDM should also be additional to that under business as usual 
conditions and financial additionality relates to investment normally channelled 
through official development assistance (ODA), or required within existing 
commitments under the FCCC (Jackson et a l 2001). Technological additionality is 
where a project has to beat a benchmark set according to a particular performance level 
for a technology to avoid dumping of ‘old’ technologies. The main problem is the 
potential for non-additional projects (free-riding) that can be considerable for some 
CDM project types. This problem requires adequate safeguards to ensure 
environmental integrity of the CDM projects. These safeguards can be based on barrier 
tests or investment tests on internal rates of return and increased stringency of 
baselines.
• The delivery of the sustainable development6 includes social, environmental and 
economic benefits of the CDM projects together with the capacity building needs in 
host countries and the transfer of environmentally sound technologies.
At present, the concept of sustainable development is generally agreed to be complex 
and widely recognised. However, clear definitions, criteria or procedures on how to 
analyse the sustainable development contribution of a particular CDM project are 
missing to date.
• Methodological issues such as:
• Baseline scenario - Michaelowa (2002) states that a baseline 
describes the theoretical emission situation that would have occurred 
if the project was not implemented. The issue within the baseline is 
that this is inherently counterfactual. It represents neither what has 
happened nor what will happen, but what (it is supposed) would have 
happened if the abatement project had not been implemented. 
(Jackson et al. 2001). This issue is closely linked to environmental 
additionality criteria.
■ System boundary - GHG emissions that can be attributed to the 
project and should be monitored.
6 The Brundtland Commission “Our Common Future” (WCED 1987) defines sustainable development as a 'development that 
meets the needs of the present without compromising the ability of future generations to meet their own needs'.
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■ Leakage determination - possible changes in GHG emissions outside 
the system boundary.
■ Monitoring plan - approved methods to measure GHG emissions 
from the CDM project.
The simplification of modalities and procedures, the reduction of costs, etc. of small-scale 
CDM projects are also important aspects that need to be clarified (this issue is discussed in 
more detail in the next section).
1.3.3. Small-scale CDM project activities
In July 2001, the Bonn Agreement (COP6.5) decided to develop a fast-tracking provision for 
small CDM projects, which are defined under the following three categories:
i. Renewable energy project activities with a maximum output capacity equivalent of up to 
15 megawatts (MW) or an appropriate equivalent;
ii. Energy efficiency improvement project activities which reduce energy consumption, on 
the supply and/or demand side, by up to the equivalent of 15 gigawatt hour per year- 
(GWh/y); or
iii. Other project activities that both reduce anthropogenic GHG emissions by sources and 
directly emit less than 15 kilotonnes of C 02 equivalent per year (ktC02e/y).
In order to promote and facilitate small-scale projects. Parties agreed to request to the 
Executive Board of the CDM to develop and recommend simplified modalities and 
procedures for small-scale CDM project activities (UNFCCC 2001b). The decision of fast- 
tracking is based in the following main reasons (Bosi 2001):
® Small CDM projects can be particularly well-suited to help improve local socio­
economic, as well as environmental, conditions in some contexts (e.g. small off-grid 
electricity generation plant in a rural area without access to grid electricity). Therefore 
the sustainable development criteria can be an advantage of these small projects.
• Small projects, although fully compatible with the CDM’s dual objectives, may be at a 
disadvantage compared to larger projects because the total value of their emission 
reductions (compared to larger projects) may not be sufficient to cover the added 
transaction costs associated with getting a CDM project through the approval process.
• The potential impact of environmental error (e.g. an incorrect baseline scenario chosen) 
is likely to be smaller for small projects;
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• It may be easier to get a greater number of small CDM projects implemented, which 
could then also become useful testing grounds for further development of CDM rules and 
guidelines.
Therefore, the main issues related to small-scale CDM projects are the need of establishing a 
criteria to assess the delivery of the sustainable development together with the streamlined 
methodologies to quantify emission reductions and to reduce transaction costs.
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Chapter 2. Methods to quantify emission reductions
A first elemental question for CDM projects is how are the emission reductions quantified. 
Article 12 of the Kyoto Protocol states that projects must 'result in real, measurable and 
long term benefits related to mitigation o f  climate change' and that emission reductions ‘are 
additional to any that would occur in the absence o f  the certified project activity' (UNEP
1999). Here, is when the baseline together with the additionality issues come in.
As the baseline describes the theoretical emission situation, one can easily calculate the 
resulting emission reductions (Eab) by subtracting the project emission (EA) from the baseline
(Ea):
E a b  —  E g  —  E A  ( 2 - 1 )
The total emissions reduction achieved with the project is calculated by summing the annual 
emissions reductions over the lifetime of the project.
There is also a high degree of uncertainty in establishing the baseline scenarios. Different 
studies follow energy-economic models, detailed generic systems and to use countiy 
baselines; others suggest application of a project level approach. The FCCC's Subsidiary 
Body for Scientific and Technical Advice (SBCTA) states that baselines should be 
constructed at a level appropriate to the complexity and scale of the project. (Begg et al
2000).
This section looks at some of these methods to calculate emission reductions of CDM 
projects. This is followed by an example, which compares the difference between the 
mentioned methods.
2.1. Scenario Approach
Baselines are counterfactual in that they represent what would have happened in the absence 
of the project. There can therefore be more than one plausible baseline for any project.
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In order to calculate total emissions reduction associated with an energy project, first the 
annual emissions of both the baselines and the CDM project are required. For this purpose, 
equation (2 .2) is utilised.
E i =  Ci Z  (2.2)
Where Ei is the emissions of gas i, tonnes per year [t/y], e; is the carbon emission factor of gas 
i, tonnes per Giga Joule [t/GJ], and Z is the activity o f the plant, usually fuel consumption 
Giga Joule per year [GJ/y]. Carbon emission factors used in the calculation for each type of 
fuel are derived from the IPCC Guidelines for National Greenhouse Gas Inventories (1996). 
Z can be calculated using:
Z  =  H u M in (2.3)
Where Hu is the net calorific value of the fuel, Giga Joule per tonne [GJ/t] and is the mass 
of the fuel consumed annually [t/y]. Z can also be calculated using:
Z = 3.6 P o u t  / p p l a n t  (2*4)
Where P0ut is the annual energy production of the plant, Mega Watt hour per year [MWh/y], 
and ppiant is the plant efficiency [%].
A CDM project activity can emit different types of GHGs such as, CH4 or N 0 2 in addition to 
C 02 and these can be dealt with by multiplying the reductions by the global warming 
potentials (GWP)7 of these gases.
The scenario approach for an energy project uses these equations where appropriate to
generate estimates of emissions in the baseline. The main elements to be considered in the
formulation of the baseline are:
• the technology and fuel used, including alternatives to the project technology
• the timing of the introduction of the project technology
• the country context in terms of the regulatory and economic framework
• leakage
7 GWP is the ratio of the enhanced greenhouse effect of any gas compared with that of CO2 (Houghton 1997). The IPCC 
produces estimates of direct GWPs for 20-, 100- and 500-year time horizons, for the main direct GHGs.
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These considerations allow a range of possible baselines to be constructed (Parkinson et al.
2001)
2.2. Specific Emissions Reductions
A specific GHG emissions, S;, of the CDM project or the baseline is the emissions of specific 
GHGj (CO2) per unit energy output [tC02e/MWh]. In the example to follow, only C 02 
emissions are considered. The s; is calculated as follows:
S ; =  Ei /  Pout (2 .5 )
Using equations 2.2 and 2.4, equation 2.5 becomes:
Si 3 .6  C j /  Ppiant (2 .6 )
where 3.6 is the factor to convert GJ into MWh (Parkinson at al 2001)
2.3. Standardised Approaches
There is a range of standardised approaches to baselines but the most common is some form 
of benchmark. Benchmarks are defined by a range of parameters such as technology or 
sector, the time horizon over which they are calculated e.g. last 5 years, whether they are 
dynamic or static in terms of time, and over what geographical area they apply. Typical 
examples may be the average energy mix for the electricity supply sector or the performance 
of the units supplying a similar service installed over the last 5 years (Begg et al 2001).
2.4. C-ERUPT Methodology for Off-grid Renewable Energy Projects
This methodology is applied for small-scale renewable energy projects with daily energy 
consumption in the range of 50-500 Watt-hour per day [Wh/d]. These energy projects can be 
solar home systems, pico hydropower or wind battery chargers.
Because of their small size and difficult accessibility, for these projects a standardised 
emission reduction factor has been calculated. This is the expected baselines emissions minus 
the expected project emissions. For small-scale stand alone application of renewables with 
daily energy consumption in the range of 50-500 Wh/d, annual C02 emission reduction 
figures are given in the Table 2 (C-ERUPT 2001).
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Table 2 C-ERUPT data for global annual carbon emission reduction 
figures in kg C 0 2 per year
Technology Carbon savings in kg C02/year
General: small renewables for household 
electrification
75 kg/y + 4*Power kg/y/Wh/d (with Energy is daily 
load in Wh/d)
Solar home systems 75 kg/y + 4*Power kg/y/Wp.[kg C02/y]
Pico hxdiopowei 75 kg y - 2kg >/W installed c.ipacilx
Wind battery chargers 75 kg/y+350*D2 kg/y/m2 (with D = rotor diameter)
2.5. Simple baseline for MH projects supplying a lighting service
Begg et al. (2000) suggested a simple baseline for MH projects supplying a lighting service. 
This is described as a standarised baseline in kgC02/capita/y times average number o f people 
in household in country times number o f households equals emissions reductions per annum 
(Begg et al. 2000).
2.6. Application of the emission reduction methodologies
This is an example of an emission reduction calculation for a small-scale MH project in Sri 
Lanka (Katepola). The MH project in Katepola supplies electricity for lighting and 
appliances in 105 households. The capacity of the plant is 27 kW. Before the project was 
implemented, lighting was provided by kerosene lamps. The following table shows the 
project case:
Table 3 Micro-hvdro project case
Type Micro-hydro
Location Katepola, Ratnapura Distric, SE 
Sri Lanka
Ownership Village
Date commissioned July 1995
Reason of chosen 
technology
The national grid will not reach 
the village for at least 10-20 years
Table 4 presents the MH project details and a baseline data:
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Table 4 Summary of Sri Lanka Micro-hydro project and baseline
General Data Units input
Operation started year 1995
Capacity kW 27
Total use to date (1999) MWh 209
Year of the study/calculation year 1999
Time of operation months 44
Annual usage MWh/y
Efficiency % :______ ']
Lifetime of equipment y . 20
Head m 51
Flow rate litres/seg 75
Theoretical Capacity kW
Baseline data for domestic use
Type of fuel used kerosene
Emission factor t/GJ 0.0719
Calorific value (net) GJ/t 43
Density kg/L 0.825
Quantity of fuel used L/month 12
Use of fuel L/y 144
Number of Households 105
Total use of fuel L/y
Use of previous fuel % 20
Use of actual source of energy % 1
Calculated
57
70.00
38.25
Assuming 20% kerosene consumption (20% of fuel was still used in the project situation); 
therefore, the difference between the baseline and the project was in the order of 80% of the 
baseline consumption.
It was also assumed that there is no equivalence of service possible. Only one baseline has 
been produced because nothing else would be expected to happen or change in the baseline 
for many years.
A Microsoft Excel spreadsheet has been developed to calculate the emission reductions of a 
MH project based in the basic equation 2.1 where EA is taken as zero for MH projects. Then:
Eab= Eb (emissions using kerosene for lighting)
The emission reductions are summarised in Table 5. Two methods were applied; equations 
2.2 &2.3 and the C-ERUPT method.
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Table 5 CO? emission reductions for a Katepola MH project
E co2 (tCOz/y)
[using eq. 2.2 &2.3]
E co2 (tCOz/y)
[using C-ERUPT approach]
30.9 54.1
During 4 years (1995- 123.6 216.3
1999)
There is a clear difference between the calculation of emission reductions using these two 
different approaches. This exercise shows that an accurate and conservative quantification of 
emission reductions is necessary; therefore, well-established baseline scenarios are also 
needed together with methods for specific project types and safeguards to minimise errors. 
This is needed in order to protect the ecological integrity of the Kyoto mechanisms, such as 
the CDM, by calculating the right amount of certificates.
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Chapter 3. Sustainable development assessment and the CDM
All CDM projects must meet sustainable development criteria set by the host country. The 
Marrakech Accords include steps in the approval process where host countiy approval of the 
project is given, the host deciding if the project contributes to its sustainable development. 
The Accords also mention the need for an environmental impact assessment (EIA) if the host 
country requires one. Emphasis on the stakeholder participation and input is an explicit 
requirement (UNFCCC 200la).
3.1. Sustainable Development Criteria
Some countries8 and some research work9 together with the proposed frameworks of the 
Marrakech Accords were studied and summarised in a basic set of sustainable development 
criteria. This set includes; social, economic, environmental, capacity building, long term 
benefits and technology transfer criteria as follows:
The social criteria should include:
• Quality of life, especially to the very poor
• Alleviation of poverty (e.g. by providing regular incomes)
• Generation of employment (e.g. by creation of direct or indirect jobs)
• Education at all levels (e.g. by allowing children in rural communities without electricity 
to study at night)
• Health
• Community, regional and trans-regional integration.
The economic criteria should include:
• Financial return to local entities
« Positive impact on balance of payments (e.g. through new investment)
• Energy expenses (if the CDM project is an energy project)
• Generation of business
8 A review of the CDM project guidelines and national criteria for India, Kenya and Peru was carried out.
9 Begg et al (2000). An Initial Evaluation of the CDM.
Factor Consulting + Management AG and Dasag Energy Engineering Ltd (2001). Small-Scale CDM Projects: Opportunities ad 
Obstacles.
Thome (2002). South South North Project.
The last two pieces of research assess the sustainable development delivery of possible CDM projects using a set of indicators.
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The environmental criteria should include:
• Mitigation of climate change by reducing GHGs and the use of fossil fuels.
• Conservation of local resources
• Reduction of pressure on local environments
• The consideration of local environmental policies and standards
The capacity building criteria should include:
• Local involvement in the decision making process.
• Education, training and awareness about the technology transferred or the process 
modified.
• Assessment of the local needs.
The long term criteria should include:
• Future local needs (e.g. in the case of the increment of population for an electricity 
project)
• Changes of technologies
• Change of local policies and measures (e.g. grid extension to rural communities)
The technology transfer criteria should include:
• Local technology needs (e.g. considering the main local aspects in the selection process)
• Technology information (the flow of information)
• Future of technology transferred
24
Chapter 4 International Climate Change Policies and Latin America
This chapter deals with the activities being carried out in Latin American countries under the 
UNFCCC. Firstly, the Activities Implemented Jointly (ALT), as the application of the concept 
of JI/CDM, are reviewed and then the activities being carried out in Peru within the context 
of the climate change policies are also examined.
4.1. Activities Implemented Jointly in Latin America
Latin America is a region of developing countries and hence the participation in the Kyoto 
process is focussed on ALT10 and CDM. For this region the application of the flexible 
mechanisms is very important - through these activities the Latin American countries hope to 
receive support from developed nations in achieving sustainable development via investment 
to fund emission reduction projects. This also will help these economies to improve local 
technologies, to apply new transferred technologies, to reduce local GHG emissions and to 
develop new businesses.
GDP growth in Latin America during the 1990s was much more vigorous than during the 
1980s. Indeed, it is reported that the economies of the region grew faster in 1997 than they 
had in nearly 20 years while inflation reached a remarkable low of 11%. The region’s share 
of world export rebounded from 3.5% in 1980 to 5% in 1998 (IFC 1998). The foreign direct 
investment to the top 12 developing countries (world-wide) between 1990-1995 was US$178 
billion (Forsyth 2000), of which US$59 billion were invested in Mexico, Brazil, Argentina 
and Chile. Although economies in the region are growing, far too many people throughout 
live in poverty and the distribution of income is among the worst in the world. Poverty is 
specially widespread and difficult to reduce. Unemployment is also a serious problem that 
occurs in these countries.
Environmental damage is also increasing in the region as a consequence of the growth in the 
economies, industrial development, urbanisation, transportation and energy demand. In fact, 
in 1995 these countries emitted about 1133 million tonnes of carbon (MtC02), 5% of the 
world’s total emissions, as shown in Figure 3. As a region it ranked as the fifth emitter, after 
the US (5027 MtC02), the OECD countries (3601 M tC02), China (3062 MtC02) and the
10 The main purpose of the AU pilot phase was to test the concept of JI (Begg et al 2001a). This pilot programme permitted 
developed countries to invest in climate change projects in co-operation with economies in transition (Central and Eastern 
Europe) or developing countries (Asia, Africa and Latin America). AU was not to be credited against any future GHG emission 
reduction targets. The period for the initiation of these projects was from 1995-2000 (Begg et al 2001b) and continued under the 
Marrakech Accords.
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Russian Federation (1668 MtC02). Mexico, Brazil, Argentina, Venezuela and Colombia 
produce the largest emission volumes (without considering deforestation) in the region - in 
1995 these countries contributed 85% of total emissions for the region (BCSDLA 1998). The 
largest emitter countries (Mexico, Brazil and Argentina) are also the ones that received the 
greatest amount of foreign investment between 1990-95.
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Climate change is not a priority concern in Latin America, as it is the reduction of poverty 
and unemployment, but there are some initiatives to participate in mitigating this problem.
The international climate change actions in the region centre on the A ll pilot phase. Dixon 
(1999) states that the ALT projects should be based on: being compatible with national 
environment and development priorities and strategies, contributing to cost-effectiveness in 
achieving global benefits and being conducted in a comprehensive manner covering all 
relevant sources, sinks, and reservoirs of GHGs.
Latin America is the second region after Central and Eastern Europe where investment in AIJ 
projects has been carried out. At the moment, 43 out of 175 proposed projects have been 
accepted, approved and endorsed by the designated authorities in the area. Table 6 shows the 
total number of AIJ projects (JIQ 2001)11. There are six principal types of projects12: 
agriculture, energy efficiency, forestry, fuels switching, fugitive gas capture and renewable 
energy (UNFCCC 2001c).
11 JIQ (Joint Implementation Quarterly) published these figures (43 projects in Latin America) in July 2001, although in the 
official list of the FCCC Secretariat there are only 39 projects (UNFCCC 2001c). This paper uses the JIQ figures, therefore it 
considers 43 projects.
12 The classification of these types of projects is established by the UNFCCC under AU programme.
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In total, fourteen countries are involved: 
Argentina, Belize, Bolivia, Chile, Colombia, 
Costa Rica, Ecuador, El Salvador, Guatemala, 
Honduras, Mexico, Nicaragua, Panama and Peru. 
Only four countries are participating as donor 
countries in the region; the US, the Netherlands, 
Norway and Australia. The emission reductions from these projects are 312.4 M tC02. The 
project lifetime varies from 4 to 60 years.
4.1.1. AIJ Renewable Energy Proj ects in Latin America
Within AH, renewable projects cover six sub-types: Biomass, Geothermal, Hydroelectric, 
Mini-grid, Solar Rural Electrification and Wind Power. Latin America has 15 out of 53 total 
renewable projects, see Table 1. These are being implemented in eight countries: Belize, 
Honduras, Costa Rica, Guatemala, Mexico, Bolivia, Chile and Nicaragua. The only donor 
country is the US. The GHG emission reductions are 30.55 MtC02: individual values range 
from 0.0013 to 14.12 MtC02. The projects’ lifetimes vaiy from 13 to 38 years. Table 7
summarises these projects.
Table 7________ ALT Renewable Projects in Latin America
Sub T ype P ro jec t T itle H ost co u n try
G H G
(M tCO z)
L ifetim e
(years)
Biom ass BEL/M aya Belize 3.42 31
Bio-Gen, Phase I H onduras 2.37 21
Bio-Gen, Phase II H onduras 2.37 21
Geothermal El Hoyo-M onte Galan N icaragua 14.12 38
H ydroelectric Dona Julia Costa Rica 0.21 20
M atanzas G uatem ala 1.16 15
The Santa Teresa Guatem ala 1.24 15
Rio Hondo G uatem ala 2.30 20
M ini-grid APS/CFE M exico 0.01 30
Solar Solar Electrification B olivia 0.00 20
Solar-based Rural Honduras 0.03 24
W ind Wind Energy Chile 3.00 20
Aeroenergi'a S.A. Costa Rica 0.04 20
Tierras Morenas Costa Rica 0.06 13
Plantas Eôlicas S.A. Costa Rica 0.22 22
Table 6 A summary of AIJ projects
Region . AIJ Projects
Total Renewable
Central and Eastern Europe 94 29
Latin America 43 15
Asia 24 6
Africa 14 3
TOTAL 173 53
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4.2. Climate change activities in Peru
In 1993 Peru ratified the UNFCCC and this September 2002 it also ratified the Kyoto 
Protocol (UNFCCC 2002). In 2001 Peru presented its first national GHG inventory based on 
1994. In that year, Peru emitted a total of 99 M tC02 including the energy, industrial and 
forestry (with changes in land use). The energy sector produced about 32% of total emissions 
- the total GHGs produced by this sector was 32 MtC02.
Hydraulic power in Peru accounts for 47% of the total installed power in the country (5742 
MW). In 1999, 14541 GWh of hydroelectric power were produced (accounting for 76% of 
the all the electric power produced in the country). In order to mitigate climate change 
problems in Peru, the government is implementing national strategies centred in the 
promotion of natural gas use, energy efficiency programmes and tax policies on fossil fuels 
(Peru 2001)
In 1995, the Peruvian environmental authority, the National Environment Council (CONAM) 
started to operate. At present, CONAM has a climate change unit, which is in charge of the 
policies and activities related to the UNFCCC. Three full time and one part time staff work 
for this unit. Training about the climate change topic and issues has been given to this staff. 
CONAM was also responsible of the 1st National GHG emissions Inventory publicised last 
year.
At the moment, CONAM does not apply an established criteria for the evaluation of CUM 
projects. Each proposal is assessed on its own. However, a national CUM strategy is being 
developed. The group of people in charge of this development are representatives from 
different sectors, including NGO’s, a representative from CONAM, the different ministries of 
the country, etc. This strategy is being head by the World Bank. (Iturregui 2002)
There are two All projects developed in Peru, one is a forestry project in the Amazon area 
and the other one is a grid electricity project.
Further details about the A ll activities in Latin America are presented in Appendix 1.2, 
International Climate Change Policies and Latin American Participation.
28
Chapter 5 Current and Future work
This chapter presents the general and specific objectives of this EngD project together
with the areas of study and the approach to be applied to fulfil these objectives.
5.1. General objectives
The following are the objectives of this project:
• To establish the GHG emission reductions of MH projects and to suggest an 
appropriate methodology to calculate those emission reductions
• To assess the delivery of sustainable development benefits of small-scale MH energy 
projects. This assessment will include environment, social and economic benefits 
together with capacity building, technology transfer and long-term feasibility of those 
projects.
• To apply the sustainable livelihood approach to assess rural communities using MH 
projects including their energy needs and the use of their local resources. This is to act 
as a basis for the development of a more strategic approach to CDM projects.
• To assess the transaction costs and the possibilities for streamlining to reduce them
5.2. Areas of study and specific objectives
5.2.1. Areas of study
There are four areas of study of this project, as follows: (see Table 8):
i. The analysis of the climate benefits
ii. The analysis of the sustainable development delivery
iii.The analysis of MH projects applying the sustainable livelihoods approach
iv. The final analysis of small-scale MH projects for implementation under the Kyoto
Protocol
Table 8
Climate benefits 
analysis
(0
Areas o f  analysis for the small-scale M H projects
(iii)
Application of the Final analysis of
Sustainable sustainable small-scale MH
development livelihood projects for the im
delivery
approach
mentation under the
Kyoto Protocol
X -X - (iv)
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5.2.2. Specific objectives of Area 1 : Climate benefits 
General Objective
• To assess the climate benefits of small-scale MH projects in Peru and to suggest a 
methodology to calculate GHG emission reductions applicable for small-scale MH 
projects.
5.2.2.1. Specific objectives
The specific objectives of this area of study are the following:
• To obtain an overview of the range of generic emission reduction figures for typical 
rural MH plants in relation to their energy service.
• To identify key factors to determine emission reduction from MH systems.
• To suggest a simplified methodology to calculate emission reductions from MH 
systems.
5.2.2.2. Activities
The following briefly describes the activities that will follow the present study:
A. Gathering o f data from case studies 
The first step of this study is to collect information from previous successful MH projects 
that can be used as case studies (see section 6.1. for selection of case studies). The collection 
of the case studies’ information will follow a consistent format and reporting template in the 
form of a questionnaire. This questionnaire has been designed to cover the CDM elements. It 
was developed following the operational guidance documents for setting up baseline studies 
that were created for the recently started Dutch CDM programme C-ERUPT13. The 
application of data sheets to assess MH projects suggested by Begg et al (2000)14 also
assisted in the development o f this questionnaire. See Appendix H.l for Climate Benefits
questionnaire.
^3 Ministry of Housing, Spatial Planning and the Environment of the Netherlands; Operational guidelines for baseline studies, 
validation, monitoring and verification of CDM project activities; Vol 2b; Version 1.0; October 2001; http://www.senter.serupt
14 Begg K et al; Department for International Development; Initial Evaluation of CDM-type projects in developing countries; 
March 2000
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The case studies will answer questions such as which were the fuels used (baseline) before 
the installation of the MH projects, what energy service was delivered, how much of those 
fuelds fuels were consumed, are any of the baseline fuels still consumed, etc.
This will allow obtaining the data required to calculate emission reductions, to establish the 
real factors (type of fuel, quantity, characteristics, etc) needed for this calculation and to 
produce results on emission reductions for MH projects. The different ways to calculate those 
emission reductions will also be compared.
The gathering of data will be carried out during a field trip to Cajamarca in Peru, by 
interviewing the four groups of actors (see Table 11) and by access to the project data files at 
Intermediate Technology Development Group (ITDG) offices in Lima and Cajamarca. ITDG 
is and international NGO that has implemented the MH projects in Peru. See Appendix IV 
for more about ITDG.
B. Further analysis o f the case studies
This study will develop an approach to calculate emission reductions from MH systems from 
the case studies, by applying existing guidelines (UNFCCC and C-ERUPT) regarding how to 
set up a baseline study.
C. Standardisation o f the estimation o f emission reductions
The possible alternative methods to standardise the estimation of MH system’s emission 
reductions will be proposed.
5.2.3. Specific objectives of Area 2: Sustainable development delivery 
General Objective
To assess the delivery of sustainable development benefits of small-scale MH projects 
in Peru, including environment, local and economic benefits together with capacity 
building, technology transfer and long-term benefits. This part will analyse the 
advantages and disadvantages to the local communities of these types of projects.
5.2.3.1. Specific objectives
The specific objectives of this area of the study are the following:
• To find out how MH projects have improved life in rural communities in Cajamarca 
(Peru).
• To define the necessary capacity building to implement MH projects.
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• To evaluate how MH technology was transferred to Cajamarca (Peru) and to assess the 
barriers and opportunities encountered.
• To assess the long-term benefits of MH technologies in Peruvian rural communities.
• To suggest a framework to assess sustainable development benefits of MH technologies 
applicable to rural communities.
5.2.3.2. Activities
The following briefly describes the activities that will follow the present study:
A. Gathering o f data from case studies
The collection of information from the case studies selected will follow a consistent format 
and reporting template that have been developed to cover the main elements of the CDM, 
regarding the contribution to the sustainable development of host countries when applying 
MH projects. This questionnaire has been developed following the Marrakech Accord 
concept of sustainable development delivery for CDM projects. The application o f data 
sheets to assess MH projects suggested by Begg K  et al (2000) also assisted. Related 
studies o f  different types o f possible CDM projects also provided guidance.
Questions such as how the installation of the MH plant has changed life styles in rural 
communities, what are the benefits of having electricity in local schools, what was the 
participation of the local community in the installation of the MH plant, etc. will be answered 
by the case studies. Appendix ff.2. contains the questionnaire for assessing sustainable 
development benefits.
The gathering of information will be carried out during a field trip to Peru, by interviewing 
three groups of actors, see Table 11.
B. Further analysis o f the case studies
This work will create and suggest a framework to assess the sustainable development 
contribution of MH technologies applied to rural communities. This will be possible by using 
existing general guidelines and similar studies.
5.2.4. Specific objectives of Area 3: Sustainable livelihoods approach 
General objective
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To assess the possibility of applying sustainable livelihood approach within the 
implementation of CDM energy projects to enable a more strategic approach to the CDM by 
suggesting portfolios of projects to meet community needs
5.2.4.1. Specific objectives
The following briefly describes the activities that will follow the present study:
To understand the rural communities' energy context, together with the livelihood 
assets (human, social, physical, financial, technical and natural), the political 
situation, the livelihoods strategies and outcomes within the context of rural 
communities energy needs.
• To study the people’s involvement during the MH project cycle
5.2.4.2. Activities
The following briefly describes the activities that will follow the present study:
A. Gathering o f data from case studies
The collection of information from the case studies selected will follow a guidance method to 
cover the main elements of the sustainable livelihoods approach applied to MH projects 
developed by the Department for International Development (DFID) in the UK.
Questions such as how was the level of people’s involvement during the MH project cycle, 
what are the opportunities and barriers for poor people to improve life, what are the energy 
needs in relation to the activities of poor people in rural communities, etc. will be answered 
by the case studies. Appendix 0.4 contains the questionnaire for assessing energy for rural 
livelihoods.
B. Analysis o f case studies
The analysis of the information from case studies will allow the assessment of energy for 
rural livelihoods applying sustainable livelihoods approach. From the results a proposed 
framework to use this approach to assess CDM energy project activities will be developed.
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5.2.5. Specific objectives of Area 4: Final analysis of MH projects for the
implementation under the Kyoto Protocol
• To develop an integrated analysis method to assess the delivery of sustainability 
benefits and the use of appropriate methodologies to calculate GHG emission 
reductions of small-scale MH projects.
• To apply this methodology to other similar projects and to compare results.
• To generate a more integrated approach to CDM project selection to meet community 
needs
5.2.5.1. Activities
The following briefly describes the activities that will follow the present study:
C. Analysis o f  case studies 
The analysis of the climate and sustainable development benefits of MH projects will be 
assessed in an integrated manner, in order to put into the CDM context the application of 
small-scale renewable energy projects such as MH technology. The examination of the 
proposed methods and framework to similar types of projects will be carried out.
5.3. Justification of the EngD proj ect
This focuses on the assessment of small-scale MH projects (1-200 kW) at household rural 
level in Peru. Firstly, the reason behind the selection of MH projects is that they are included 
within the small-scale renewable energy projects under the first criteria for small-scale CDM 
projects under the Marrakech Accords. Simple procedures to quantify emission reductions for 
these types of projects are needed and a method to assess the sustainable development criteria 
is also required under the CDM objectives.
Secondly, Peru was selected because ITDG, an international NGO that has implemented 
these MH projects has its main Latin American office there. ITDG has a broad experience in 
implementing MH projects, they have been developing this type of project since the late 
1980s in Peru (see Appendix IV for ITDG). At the same time, in Peru, there are a good 
number of operational MH projects (21 MH plants). They are an excellent source for case 
studies. Most of them are in the operational stage for more than five years. The experimental
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design has taken advantage of this so that within a similar cultural area a baseline community 
with no MH project can be compared to other communities with increasing size of MH 
project so that the effect of increasing energy service can be explored.
Thirdly, the study of renewable energy technologies, such as MH, is based on the following:
. The demand of energy resources in developing countries is increasing. An increment
between 2.32 to 8.22 Giga tonne of oil equivalent (Gtoe) of energy demand between 1990- 
2020 for developing countries is predicted (WEC 2000).
. The importance of renewables as energy sources of the future is high due to their low life
cycle GHG emissions. Investment in this sector is growing tremendously. In 1990, 1.1 out 
of 8.8 Gtoe of the total energy supply came from these sources. New renewables (modem 
biomass, wind, solar, geothermal, tidal and small hydro) grew rates of 4-7% per annum 
until 2000 (WEC 2000). Indeed, by 2010 the European Union is aiming to achieve 22% of 
electricity consumption using these sources (ENDS 2001).
Finally, this research project will also assist investors with the processes involved in 
developing and implementing CDM within a Latin American perspective. For example, the 
Royal Dutch/ Shell Group, by investigating the Latin American market in terms of possible 
CDM energy projects could apply the experience obtained in this research work in other 
similar CDM projects.
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Chapter 6 General approach of the study
This section describes the approach that will be followed to study the CDM issues o f small- 
scale MH projects in Peru.
6.1. Selection procedure o f case studies
ITDG-Peru has implemented 21 small-scale MH projects in Peru since 1980 to date. The 
capacity of the projects ranges from 3 to 200kW. There are about 4 to 800 families using the 
electricity supplied by each project. The implementation o f the MH projects is financed by 
the Inter American Development Bank since the late 1980s. The initial capital of this 
financial mechanism was $400000. ITDG finances the MH projects through a financial 
programme with credits from $10000 to $50000. These credits are paid from 1 to 5 years 
(ITDG 1999). The MH projects are geographically distributed in 6 areas of the country; 1 
located in Piura, 1 in Tingo Maria, 3 in Amazonas, 2 In Lambayeque, 13 in Cajamarca and 1 
in Apurimac (ITDG 2002). Figure 4 shows these locations, see also Table 17 in Appendix IB.
Figure 4 Geographical distribution of MH projects in Peru
The MH projects located in the region of Cajamarca provide a good selection of case studies
because of the following three reasons:
i. Cajamarca has the greatest number of MH projects in Peru, 13 out of 21 (as Figure 4 
shows). This makes the region appropriate for sampling. Some characteristics of the 
MH projects in Cajamarca are listed in Table 9.
ii. Choosing one region such as Cajamarca will allow to obtain an homogeneous set of 
representative data. Peru is a big country and the culture, the way of living, the 
activities of each area differ tremendously from region to region. For example, people 
from the Amazonas area would use completely different types of fuels to carry out 
their activities than people from Cajamarca.
iii. The proximity of Cajamarca to ITDG energy office is beneficial. ITDG has only three 
regional energy offices in Peru^ in San Martin, Cajamarca and Lima, as it is shown in 
Figure 4. This makes more feasible the access to information of those projects and 
support in getting contacts to the communities is expected.
Table 9_________ M H projects in Cajamarca
No 1‘rnjvct Name
\  illauc 
(casei io)
Province
Capacity Costs US USSZ
kW
No of 
House 
holds
Turbine
Type
CO
3 Chvnersh Year of opcratio
D Ind
1 S.R. de Congona Colasay Jaén 3 11000 3667 12 MB X LA
2 Trinidad Trinidad Contumazâ 4 15500 3875 20 P X X PO
1997
3 Bululo Popcorn Cajamarca 7 0 X Co-op
4 Yumahual Magdalena Cajamarca 11 34200 3109 4 P X PO
1997
5 El Tinte Cajamarca Cajamarca 14 35000 2500 70 P X X Co-op
1996
6 Chalân Chalân Celendin 25 82783 3311 87 P X X LA
1995
7 Cortegana Cortegana Celendin 30 117000 3900 53 P X X LA
2000
8 Atahualpa Porcom Cajamarca 35 102000 2914 35 X X Co-op
1992
9 Tamborapa Pueblo Tabaconas San Ignacio 40 142000 3550 140 P X X LA
10 Siyanjate Cajamarca Cajamarca 40 LA
11 Chugur Chugur Hualgayoc 75 90200 1203 120 P X X LA
1997
12 Conchan Chota Cajamarca 80 LA
13 Cutervo Chota Cajamarca 200 LA
Notes:
The cells in blank show that the data was not provided yet 
(*) MB: Michell-Banki. P: Pelton
(**) D : Domestic; lighting, hot water, battery charging, appliances (TVs, photocopies, freezers, etc)
Irr: Irrigation o f land
IikL Industrial: animal farms, workshps (carpentry, welding, etc), dairy products, sugar cane products, gram mills 
(***) LA: Local Authority 
PO: Private owner 
Co-op: Co-operative
From those 13 projects located in Cajamarca, 7 projects were selected as case studies. These 
are Trinidad, Bululo, Yumahual, El Tinte, Chalân, Atahualpa and Chugur as Table 10 shows. 
This selection was based in the plant capacities, uses of the energy and the type of ownership 
of the MH projects. The plant capacities vary from 4 to 75 kW. The MH plants are used for
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three different purposes; domestic (e.g. lighting, battery charging, appliances, etc.), irrigation 
and industrial (e.g. small enterprises, workshops, dairy and sugar cane products and grain 
mills). Ownership of these projects lies with three groups; local authorities, co-operatives and 
private individuals.
Table 10 M H  case studies in Cajamarca
Vo Project Name ( ’apui'itv k\\
No of 
I Inibclmld OwikinIiip (***)
Year of 
opcratio
Distances
from
Cajamarca
km
Time from 
Cajamarca
hour,
Project Leaders
1 Trinidad 4 20 PO 1997 140 5 Owner Maximo Diaz Pretel
2 Bululo 7 0 Co-op 40 1.5 Manager Alejandro Qu'spe Ch'llon
3 Yumahual 11 4 PO 1997 70 4 Owner Andres Sangai Terrenes
4 HTirte 14 70 Co-op 1996 30 1 Manager Alejandro Qiispe Chillon
5 Chalân 25 87 LA 1995 190 7 Mayor of Chalarr Eliber Davila
6 Atahmlpa 35 35 Co-op 1992 30 1 Manager Alqandre Qiispe Chillon
7 Chugur 75 120 IA 1997 80 4 Mayor of Chugur Delia Diaz Diaz
Notes:
The cells in Mank show that the data vas not provided yst
(***) LA Local Authority 
PO. Private owner 
Co-op: Co-operative
The selection of the case studies has also considered the availability of project information 
and accessibility. The following actions assisted in this selection:
• Interviewing ITDG-Peru staff; Teodoro Sanchez and Luis Rodriguez, Country 
Energy Manager and Regional Energy Co-ordinator respectively.
• Reviewing MH projects data acquired during the 1st field trip to Peru. See Appendix
m, Table 17.
• Discussing with Academic and Industrial Supervisors.
Following selection -of the Cajamarca region with 7 MH projects as case studies, the 
identification of the main actors or stakeholders of these MH projects has been carried out as 
follows.
6.2. Identification of main actors or stakeholders
Table 10 shows the list of main actors (stakeholders); users, economic, societal, policy actors, 
owners, and developers involved with the MH projects. The institutions that these actors
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belong to are also included together with the level at which the study will be focused and the 
type of approach to apply.
Table 11______________M ain actors/stakeholders o f M H plants
Actors Institutions Levels Type o f approach
1 Users Local community Community/
Household
Focus groups 
And semi- 
Structured 
interview
1
Economic actors
Industrial, commercial, public utility and 
financial enterprises (public and private)
Community
1
Societal actors
NGOs; regional leaders (councils), women 
and young-people groups; religious, health 
and educational institutions
Community
1 Policy actors Local government Community
2 Owners Local government, private owners and Co­
operatives
Community Face to face semi­
structured 
interviews
3 Policy actors Regional and National government Country Face to face 
structured 
interviews
4 Developers ITDG-Peru: Project Managers, Development 
Engineers, Social Workers, Finance 
Managers, etc.
Technological Face to face 
structured 
interviews
6.3. Access to key actors/stakeholders
There are two stages needed to apply in order to get access to the key stakeholders; therefore, 
to obtain the information needed. These stages should be carried out before the field trip and 
during the field trip.
6.3.1. Pre-field trip
Firstly, advice from ITDG-Peru has been received. As project developers with experience in 
working close to those rural communities, I believe they were the starting point to suggest 
what is the best way for Peru. Regular contact with ITDG representatives in Lima and 
Cajamarca have been carried out through telephone interviews and emails. As a Peruvian, my 
understanding of the culture will also contribute.
A list of project leaders from each of the seven communities chosen as case studies is 
included in Table 10. A first contact was established by sending an introductory letter to all 
of them explaining about the field trip, its purpose and the type of collaboration that this 
study needs.
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6.3.2. During the field trip
MH projects in Peru are developed in rural communities; this fact will help with access 
people in order to gather the required information. In general, in these communities 
everybody knows everybody and the local government together with the local school (s), 
church (es) and mother’s club15 have a strong influence.
During the fieldwork, I will approach four groups of representative people such as follows: 
(Table 11 provides an overview of these Groups)
• Group 1 : Users, economic, societal and local political actors
• Group 2: Owners
. Group 3: Policy actors (local, regional and country policy actors)
• Group 4: Developers; ITDG-Peru
Group 1: Users, economic, societal and local political actors 
A panel (or focus group) and a semi-structured interview will be carried out with Group 1.
Key informers and representatives of the community will be invited to participate in this
panel. These key informers will be the head of the local government (Regidor or Mayor); a 
representative of the local school, the health service, the church, the local NGO, the local 
enterprises together with a representative of the mother’s club and other representatives of 
the communities such as farmers.
The group panel will be as simple as possible, using open questions and allowing people to 
talk about their views and experiences regarding MH projects. This panel will allow 
information about the need and use of energy at present and in the past to be obtained. This 
will help assessing the climate benefits of MH projects. Information about the positive and 
negative benefits of MH plants will also be obtained in order to assess the sustainable 
development benefits of this technology. Appendixes H.l. & R.2.Î. contain the questionnaires 
for this group.
Group 2: Owners
A face-to-face semi-structured interview will be held with the owners of the MH plants. For 
the 7 case studies there are three main types of ownership: local authorities, co-operatives 
and private owners. There is one local authority, which owns two projects; Chalân and
15 Mother’s Club (Club de Madrés), this is an initiative from the government. In nearly every community there is a Mother’s 
Club. The objective of this organization is to provide basic food to the community. The person in charge of the club is called 
President.
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Chugur. There is also one co-operative, which owns three projects; Bululo, El Tinte and 
Atahualpa. Finally there are two private owners who own one project each; Trinidad and 
Yumahual. Table 10 shows the characteristics of these 7 projects together with the project 
owners. Sustainable development benefits together with climate benefits will be assessed 
from this group. Appendixes H.l. & U.2.2. contain the questionnaires for this group.
GroupS: Regional and National Policy actors 
At the same time, interviews with the representative of the climate change area of the 
national and regional environmental council (CONAM) and the Ministry of Energy and 
Mines will also be held. The intention is to put into context the MH plants with the Peruvian 
rural energy policies at present and in the future. The criteria for assessment of the 
sustainable development benefits of CDM projects for rural communities from the their 
perspective will be another issue to clarify. Appendix in.3.1. contains the questionnaires for 
this group.
Group4: Developers
A  face-to-face structured interview will be held with the developers of the 7 MH projects 
who are mainly ITDG-Peru employees. The technical manager together with the social and 
finance employees will be approached. A list of questions addressing how the implemented 
the MH projects will be asked. This has the objective on finding out their method of 
implementation, the main barriers of the technology transferred and how was the capacity 
building established in Cajamarca. Appendixes H.l. & H.2.3. contain the questionnaires for 
this group.
In overall, three main questionnaires will be used during the field trip. These will assess three 
areas of this study; climate benefits, sustainable development benefits and sustainable 
livelihoods approach.
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Chapter 7 Shell and Climate Change Activities
This section looks at the actions taken by the Shell Group as part of its sustainable 
development programme. Only initiatives and projects focussing on the climate change 
aspects of sustainable development are reviewed.
The Royal Dutch/Shell Group supports international actions on climate change, such as the 
Kyoto Protocol of 1997. The company has launched an internal GHG emissions trading 
system and has pledged to cut GHG emissions by 10% from the 1990 levels by the end of this 
year. Businesses representing 30% of the GHG emissions from the company’s operations in 
chemicals, refining and upstream oil are also using tradable emission permits to contribute 
towards achieving some of these emissions cuts (Shell 2002).
Overall, the organisation has four main targets proposed in order to achieve GHG reduction 
goals (Shell 2001):
• Incrementing energy efficiency and eliminating continuous disposal of gas by venting (by 
2003) and continuous flaring (by 2008) in oil and gas production.
• Taking into consideration decisions that will include the impact of constraints on GHGs 
emissions.
• Managing GHG emissions by measuring, reporting and verifying them.
• Developing commercially viable alternatives to conventional fossil fuels, such as 
photovoltaic panels, wind energy, hydrogen and the use of sustainably managed trees for 
energy (biomass).
The actions planned by the Shell Group as part of its climate change programme are 
orientated within the companies’ businesses and some actions are focussed on international 
agreements such as the Kyoto Protocol.
This chapter summarises only the company’s actions towards climate change programmes, 
which are related to the CDM.
7.1. The CDM and the Shell Group
The CDM mechanism is subject to a high degree of uncertainty because not all the rules for 
its application are established yet. However, the Shell Group continues working on these 
types of projects with the objective to gain experience and to contribute to the debate by
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practical demonstration. In order to apply CDM projects, the Group is working together with 
the World Business Council for Sustainable Development.
The Shell Group has so far considered eight possible CDM projects. These projects are the 
following (Shell 2001):
• Geothermal Energy Project in Central America
• Rural Electrification with Solar Home Systems in South Africa
• Kudu Gas Project replacing Coal in South Africa
e Replacement of Pyrite by Solid Sulphur for manufacturing Sulphuric Acid in
China
e Changei Gas Project replacing Coal in China
• Supply of Excess Refineiy Fuel Gas to CABOT, reducing Carbon Burning
(release) at the Flare Stack in Malaysia
• Vent-to flare Project in Malaysia
• Rural Electrification using PV/LPG hybrid with Small Biomass in Philippines
At present, the Shell Group is also participating in the CERUPT-Dutch CDM tender- with 
three selected CDM projects in the energy sector (Shell 2002).
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Appendix LI. RTS Shell Report (OG.Ol.47009). “Industry and the Atmosphere: Tools for 
communication, planning and decision making
Appendix 1.2. EngD Conference Paper. “ International Climate Change Activities and Latin 
American Participation”
This paper is shown above in Paper publications 
Appendix 1.3 Questionnaires
All the questionnaires are included in Chapter II Research approach, Appendix.
Appendix I. 4 MH projects in Peru 
Report on First Field Trip to Peru Karla Solis
This brief report outlines the main activities carried out during the visit to Peru. This visit took about six 
working days between 10/12/01 to 04/01/02. Lima, Cuzco, Trujillo and Cajamarca cities were visited. 
General Objectives of the visit
To establish first contact with ITDG (a NGO which develops renewable energy projects in Peru)
To seek other institutions involved with the application of renewable energy projects
This brief report is divided in four parts. This division relates with the organisations contacted in four 
cities (Lima, Cuzco, Trujillo and Cajamarca) and with the activities carried out in those cities.
ITDG main office in Lima
An interview and a talk were carried out at the ITDG general office. An interview with Teo Sanchez, the 
Energy Manager, about the activities of ITDG in Peru in relation with the Renewable Energy area was 
developed. A talk about the EngD research topic was given to the Energy group of ITDG. Great interest 
and willing to collaborate with the Eng project was showed.
A connection with Luis Rodriguez (based in Cajamarca) to visit a Micro-Hydro project was established. 
San Antonio de Abad University in Cuzco
An interview with Eduardo Gil Mora, a Lecturer at the Faculty of Engineering of the National University 
San Antonio de Abad was carried out. At present, in this university, a pilot wind project is in its 
implementation stage.
The university library was also visited; although, there is not much research being done in this area in 
Peru a copy of a thesis related with a social study of solar energy technologies in Peru was found and 
copied.
Hydrandina in Trujillo
An interview with the Renewable Energy Manager of Hydrandina, Felix Sanchez, was carried out. 
Hidrandina is the only national electricity company in Peru. Felix Sanchez is in charge of a pilot wind 
energy project in Malabrigo Port. This pilot project generates 30kW of electricity and it is connected to 
the national grid. It was installed in 1998.
Malabrigo is a small port where about 1000 inhabitants live. The main economic activity is fishing.
ITDG Regional office in Cajamarca
An ITDG regional office is based in Cajamarca. Luis Rodriguez, the Regional Energy Manager, showed 
me this ITDG office, CEDECAP (a training centre for renewable energy) and Atahualpa Cooperative. In 
the Atahualpa Cooperative two types of renewable energy projects are in operation: micro-hydro and 
solar panels.
The micro-hydro project is in operation since 1992. The capacity of this project is 35 kW. The energy of 
this project provides electricity to this small cooperative where about 60 families live. Basic energy for 
the household use is supply. Only four bedrooms and the use of a black and white TV are allowed. The 
rest of the energy is used to operate a carpentry, metal and sewing workshops. The project also 
supplies electricity to operate a plant of dairy products together with main buildings such as two 
restaurants, administrative rooms with four desktops, a school and a local church. This is a sustainable 
project; the use of its electricity generates income to the community and reduces GHG emissions. The 
previous source of electricity was a diesel generator. The maintenance and administration of this
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project is in hands of the Cooperative. This project was financed with a grant from a Peruvian-Canadian 
Fund, ITDG and the European Union.
The second renewable energy project in the Atahualpa Cooperative is the solar panels. These solar 
panels are 30 units of 700 W each. These individual units are in operation since last December. These 
provide electricity to 30 households in the Atahualpa Cooperative. This project provides electricity to the 
houses where the access to the energy provided by the micro-hydro was not possible. The solar panels 
are Siemens and are imported from the US at a cost of $ 600.00 each. The administration of this project 
is also under the cooperative rules and the users will have to pay for the systems in instalments. 
Outcomes of the visit 
The following main outcomes were achieved:
Get an initial overview of the renewable energy projects in Peru. These projects are in the wind, hydro 
and solar areas (a list of Renewable Projects in Peru is presented in Table 1, this list was developed 
with the information provided by the three institutions contacted there; ITDG, Hidrandina and San 
Antonio de Abad University)
Contacts with ITDG and Hidrandina were established. Interest and support in using these projects as 
case studies were showed.
Following actions
Study of the information about the renewable energy projects in Peru available to date 
Discuss project selection criteria with supervisors 
Selection of projects for case studies
Table 1 Renewable Energy Projects in Peru
Type Project Capacity
kW
Location Costs Organisation Year of operation
Micro-Hydro S.R. de Congona 3 Cajamarca 11000 ITDG n/a
Trinidad 4 Cajamarca 15500 ITDG 1997
Bululo 7 Cajamarca n/a ITDG n/a
El Tingo 10 Amazonas 27500 ITDG n/a
El Tingo 2 10 Amazonas n/a ITDG n/a
Yumahual 11 Cajamarca 34200 ITDG 1997
El Tinte 14 Cajamarca 35000 ITDG 1996
Chalân 25 Cajamarca 82783 ITDG 1995
Toraya 25 Apurimac 36330 ITDG 1996
Cortegana 30 Cajamarca 230000 ITDG implement
Manantial Eterno 30 Tingo Maria n/a n/a
Atahualpa 35 Cajamarca 102000 ITDG 1992
Kanaris 40 Lambayeque 190200 ITDG implement
Siyanjate 40 Cajamarca n/a ITDG implement
Tamborapa Pueblo 40 Cajamarca 142000 ITDG implement
Combayo 50 Cajamarca 219940 ITDG implement
Huarango 50 Cajamarca 117000 ITDG implement
Incahuasi 50 Lambayeque 236434 ITDG implement
Chugur 75 Cajamarca 90200 ITDG implement
Conchan 80 Cajamarca n/a ITDG n/a
Mini-hydro Sondor 120 Piura n/a _ ITDG n/a
La Peca 175 Amazonas 10000 ITDG n/a
Cutervo 200 Cajamarca n/a ITDG n/a
Solar Atahualpa < 1 Cajamarca 600 ITDG 2001
Wind Pilot 30 Trujillo n/a Hidrandina 1998
Pilot Cuzco n/a Antonio Abad Univ. implement
Appendix 1.5 ITDG-Peru and M H energy projects
The Intermediate Technology Development Group, ITDG, is an international non-governmental 
organisation that applies technology in order to reduce poverty in developing countries. Economist Dr 
EF Schumacher founded it in 1966.
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ITDG works directly in four regions of the developing world; Latin America, East Africa, Southern 
Africa and South Asia, with particular concentration on Peru. Kenya. Sudan. Zimbabwe. Sri Lanka. 
Bangladesh and Nepal.
In these countries, ITDG works with poor communities to develop appropriate technologies in food 
production, agro processing, energy, transport, small enterprise development, shelter, small-scale 
mining and disaster mitigation.
In Peru is the central office of ITDG in Latin America. ITDG-Peru works in four main areas:
• Agro-processing
• Energy
• Irrigation
• Disaster mitigation
The energy area has three regional offices; Lima, Cajamarca and Jaen (see Figure 4-location map).
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University of Surrey Engineering Doctorate in Environmental
Technology (2000-2004). Progress Report, October 2000 - March 2001
Summary
This section presents the progress report of the University of Surrey Engineering Doctorate 
in Environmental Technology (2000-2004) for the first six months (October 2000-March 
2001).
Progress Report, October 2000 — March 2001
Three targets were proposed -these are explained below together with the tasks and 
deliverables provided in fulfilment of those targets.
Targets
1. Fulfil the requirements of the Engineering Doctorate (EngD) Programme.
2. Gain knowledge and understanding of climate science and climate change issues.
3. Develop an understanding of the business and the position of the Shell Group towards 
Sustainable Development practices
Tasks and deliverables
1. EngD Programme 
Tasks
1 ) Attending modules and completing assignments on time and to appropriate quality 
2) Demonstrating clear and regular communications with EngD and academic supervisor
Deliverables
1) Assignments were completed for modules on:
■ Induction Week
■ Research Project (Social Research Methods, Quantitative Research Methods and 
Project Management)
■ Life Cycle Assessment
■ Environmental Risk
■ Decision Making Module (as an elective module)
■ Clean Technology and Sustainable Development
2) Communication with academic supervisor via email regularly (monthly informal'report of 
activities to both supervisors), and two-monthly meetings. Weekly progress meetings 
with industrial supervisor.
2. Climate Change knowledge 
Tasks
1) Understand the basic concepts of climate science
2) Understand the principal issues related to climate change
3) Understand the context of Kyoto Protocol 
Deliverables
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1 ) A review of the basic concepts of climate science was carried out. The difference 
between climate and weather was studied together with the principal components of the 
climate system. The role of energy and mass transfer in the atmosphere and the 
different natural systems such as water, carbon and nitrogen cycles were analysed.
2) The principal natural and human (anthropogenic) causes of climate change were studied 
and differentiated. The effects of climate change were also analysed, focusing on the 
impacts on people.
3) An essay (part of Decision- Making Module taught by Dr. K. Begg) looking at the 
application of decision-making and support techniques was developed. This was applied 
within the context of CDM projects (one of the Kyoto Mechanisms). This was undertaken 
in order to become familiar with the subject of international policies and specifically 
Kyoto Protocol. At the same time, a review of the structure and history of the United 
Nations Convention on Climate Change (1992) was developed.
In order to achieve these tasks the facilities provided by the University of Surrey and Shell
Research Centre libraries were used. Electronic systems (as electronic journals through
BIDS-Bath Information and Database Services') were also checked. A subscription to the
National Meteorological Library and Archive (Bracknell) was also put in place.
A seminar organised by the Institute of Petroleum was attended, this was about Energy and
Environment within the oil companies.
3. Knowledge of the business
Tasks
1) Understand the basic business drivers of the Climate Change consultancy at the HSE 
Consultancy of Shell Global Solutions UK.
2) Understand Shell’s Environmental policy and position towards Sustainable Development.
Deliverables
1) Understanding of the business and drivers of the Climate Change unit was developed by 
attendance at meetings and personal communication. This is not completed and will 
continue in the next quarter.
2) A discussion of Shell’s Environmental policy and position towards Sustainable 
Development was carried out within the assignment for Clean Technology and 
Sustainable Development module (taught by Prof. R. Clift). A review of the company’s 
Sustainable Development Management Framework was completed. A comparison of the 
sustainability indicators used by Shell against Global Reporting Initiative (GRI) was 
developed.
Gantt Chart for the period April to September 2001
' BIDS is a database of engineering journal articles, the full text of them can be obtained.
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During this period the study and application of RUBI and REIM decision making tools will be 
carried out. The following Gantt Chart outlines the activities and time expended in order to 
achieve these purposes.
A C T IV IT IE S
T im e extension fo r six-m onth re p o rt 
S tu d y  o f a  Bayesian decision m aking  tool 
U nderstanding the basics o f  the tool (Bayesian 
concepts)
C ontact people involved w ith sim ilar tools at 
Shell, UniS and other institutions
Learn how to use the tool 
Application and evaluation o f  the tool 
Possibilities to extend the application o f  the tool 
Comparison w ith other sim ilar tools 
Reporting progress o f  study
S tu d y  o f  an  environm ental investm ent model 
Understanding the basics o f  the model (LCA, 
economics concepts) 
C ontact people involved w ith similar tools at 
Shell, UniS and o ther institutions
Learn how to use the tool 
Application and evaluation o f  the tool 
Reporting progress o f  study
E ngD  M odule-H ands on A udit 
Second S ix-m onthly R epo rt 
M eeting  w ith  Supervisors
M eeting w ith Industrial Supervisor 
M eeting w ith both Supervisors 
O th e r  C onferences/S em inars 
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Chart 1 Gantt Chart-Enqineerinq Doctorate Project Plan for the period of April to September 2001
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Summary
This section presents the progress report of the University of Surrey Engineering Doctorate 
in Environmental Technology (2000-2004) for the second six months (April - September
2001).
Progress Report, April -  September 2001
Two targets were proposed -these are explained below together with the tasks and 
deliverables provided in fulfilment of those targets.
Targets
1. Fulfil the requirements of the Engineering Doctorate (EngD) Programme.
2. Develop a new project proposal for this EngD project
Tasks and deliverables
1. EngD Programme 
Tasks
1) Attending modules and completing assignments on time and to appropriate quality
2) Demonstrating clear and regular communications with EngD and academic supervisor
Deliverables
1) Assignments were completed for modules on:
e Hands on Audit module (June 2001. A 78% mark was achieved)
2) Communication with academic supervisor via email regularly (monthly informal report of 
activities to both supervisors), and two-monthly meetings. Weekly progress meetings 
with industrial supervisor.
2. Develop a new project proposal for this EngD project
The need of the development of a new project proposal was carried out because the 
direction of the initial project did not satisfied the expectations and skills of the industrial 
supervisor and RE. A meeting was called to solve this problem and the decision of 
developing a new project proposal was made.
Tasks
1) Contact academics at CES for a possible project and extra supervision
2) Suggest a project proposal with the support of academic and industrial supervisors.
3) Finalise the EngD project proposal
Deliverables
1 & 2) Two academics at CES were contacted. They were Dr K Begg and Dr S Parkinson. 
They provided a great source of ideas and together with the RE a first draft of a project 
proposal was developed. This proposal is called The Clean Development Mechanism in 
Latin America’. The draft was revised by the Prof. A Robins (academic supervisor) and Dr S
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Veeraraghavan (industrial supervisor). Dr K Begg agreed in supervising this EngD project. 
Therefore, Prof A Robins and Dr K Begg are the academic supervisors and Dr S 
Veeraraghavan continues with the industrial supervision.
3) This project proposal was finalised after being revised and corrected by academic and 
industrial supervisors. A meeting was also organised in order to finalise the project proposal. 
The project proposal was accepted by the sponsor company Shell Research Ltd and an 
initial plan was suggested to carry out. The project proposal together with a Gantt Chart 
listing the activities during the next six months are included in this report.
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University of Surrey Engineering Doctorate in Environmental
Technology (2000-2004). Progress Report, April - September 2001
Summary
This section presents the progress report of the University of Surrey Engineering Doctorate 
in Environmental Technology (2000-2004) for the third six months (October 2001 -  March
2002).
Progress Report, October 2001 -  March 2002
Two targets were proposed -these are explained below together with the tasks and 
deliverables provided in fulfilment of those targets. A list of the tasks for the following period 
(April -  September 2002) is also included as a Gantt Chart.
Targets
I. Fulfil the requirements of the Engineering Doctorate (EngD) Programme.
II. Work on tasks of the Clean Development Mechanism project proposal presented in 
the last six-month report (01/10/01)
Tasks and deliverables
/. EngD Programme
Tasks
1) Attending modules and completing assignments on time and to appropriate quality
2) Attending and presenting EngD paper at the Annual EngD Conference
3) Demonstrating clear and regular communications with EngD and academic supervisor
Deliverables
1 ) Attending courses and conferences on:
• EMS (Environmental Management System) Auditor, one-week course, Shell Research 
Ltd. (February 2002).
The course is recognised by the Institute of Environmental Management and 
Assessment. A 73% mark was achieved and a certificate of the course was received. A 
copy of this certificate is included in this report.
Equity for Small Planet Conference, International Institute of Environment and 
Development, London (November 2001)
Delivering Kyoto Conference, Royal Institute of International Affairs, London (October 
2001)
. Assignments were completed for modules on:
Understanding Environmentalism (January 2002). This one-week module was attended 
at the Centre of Environmental Strategy at Surrey University. The lecturer in charge was 
Dr Kate Burningham.
2) A paper was presented during the Annual EngD Conference (January 2002). This was 
called International Climate Change Policies and Latin American Participation.
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3) Communication with academic supervisor via email regularly and two-monthly meetings. 
Weekly progress meetings with industrial supervisor.
II. Tasks of the Clean Development Mechanism project proposal
The main tasks of the project proposal reported in the previous six-month report included 
the following:
1 ) Review of the appropriate literature available
2) Investigation of Latin American countries context in terms of sustainable 
development approaches and practices
3) Investigation of Shell Group practices on sustainable development within the CDM 
context
4) Study and selection of energy projects in Latin American countries
5) Investigation of sustainable development practices within the international context
6) Collection of quantitative and qualitative data for relevant energy projects in Latin 
America
7) Interviews to representatives at the Royal Dutch/ Shell Group, other businesses, 
government, and NGOs.
Deliverables
1&2) The EngD conference paper reports part of the literature review. It also presents the 
climate change activities of four Latin American countries; Mexico, Brazil, Argentina and 
Costa Rica. An extension to the paper was carried out including El Salvador. A copy of the 
paper is included in this report.
This work gave me the opportunity to gain a better understanding of the international climate 
change policies (the United Nations Framework Convention on Climate Change and the 
Kyoto Protocol) and their complex application in developing countries.
3) A summary of this task was included in my portfolio as a Shell Research Note (reference 
number; OG.01.47031). This study helped me in understanding the activities of the Shell 
Group and its position related to the Kyoto mechanisms.
4) A field trip to Peru was carried in December 2001. This was achieved by contacting an 
international NGO, Intermediate Technology Development Group (ITDG). ITDG implements 
renewable energy projects in developing countries such as Peru. A copy of the field trip 
report is also included.
After the field trip to Peru, a decision to focus on the study of small-scale micro-hydro 
energy projects in Peru was made. This is because there is enough data and information in 
Peru that can be used to study these types of energy projects within the context of the 
Clean Development Mechanism of the Kyoto Protocol. Another important reason that Peru 
was selected is because ITDG in Peru and in the UK are willing to collaborate with this 
project by giving me access to their information and by providing advice and institutional 
support during the field trips.
A project plan for this study has been developed at present. A second field trip to Peru is 
being planned for July this year.
5) This task is being carried out at present and it will be reported before the next six-month 
period. This report will include the study of the activities of international organisations such 
as; the World Bank, the Global Environmental Facility, the United Nations Development 
Programme, etc in Latin American countries.
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University of Surrey Engineering Doctorate in Environmental
Technology (2000-2004). Progress Report, April 2002 -  March 2003
Summary
This section presents the progress report of the University of Surrey Engineering Doctorate 
in Environmental Technology (2000-2004) for April 2002 -  March 2003.
Progress Report, April 2002 -  March 2003
Two targets were proposed -these are explained below together with the tasks and 
deliverables provided in fulfilment of those targets. A list of the tasks for the following period 
(April -  September 2003) is also included as a Gantt Chart.
Targets
I. Fulfil the requirements of the Engineering Doctorate (EngD) Programme.
II. Work on tasks of the Clean Development Mechanism project presented in the last 
six-month report (01/04/02)
Tasks and deliverables
/. EngD Programme 
Tasks
1) Attending modules and completing assignments on time and to appropriate quality
2) Presenting 2nd Year Dissertation and 2nd Year EngD Viva
3) Demonstrating clear and regular communications with EngD and academic supervisor
Deliverables
1 ) Attending courses on:
Environmental Law, one-week course, CES, University of Surrey (April 2002).
Course Leader: Dr Rosalind Malcolm. A 58% mark was achieved.
• Writing a Scientific Paper, 2-day course, Brunei University (May 2002).
Course Leader: John Washington-Smith. A peer-reviewed paper needs to be accepted 
before finishing the EngD programme.
1) The 2nd Year Dissertation was presented the 1st October 2002.The 2nd Year Viva was 
defended and passed the 21st October 2002 at Brunei University.
A copy of the dissertation was recorded in the RE’s portfolio. A copy of the results of the 
viva is attached to this report.
Constructive criticisms were received during and after the viva. This helped to become 
more aware of what the examiners are looking from an EngD project.
3) Communication with academic supervisors via email regularly and two-monthly meetings. 
Weekly progress meetings with industrial supervisor.
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II. Tasks of the EngD project- The Clean Development Mechanism: Emission
Reductions Methods for Small-scale Projects and the Assessment of 
Sustainable Development Delivery
The main tasks of the project proposal reported in the previous six-month report (April 2002) 
included the following:
1 ) Review of the appropriate literature on emission reduction methods for small-scale 
energy projects and for the assessment of sustainable development delivery.
2) Investigating of management strategies for programmes of small-scale sources and 
financial issues.
3) Preparing field trip to Peru.
4) Reporting on climate change activities of international agencies in Latin American 
countries.
5) Field trip to Peru; collection of quantitative & qualitative data for micro-hydropower 
projects in Peru. Data for assessing emission reductions, sustainable development 
and costs.
6) Analysis of data from field trip using numerical models and decision support 
techniques.
7) Writing up 2nd year dissertation.
Deliverables
1&7) The 2nd Year dissertation contents a summary of the literature review on the CC2 
emission reduction methods that exist to quantify small-scale energy projects. It also 
presents a brief introduction of the sustainable development criteria compiled from different 
countries and used to assess CDM projects (refer to Chapter 1-3 of the 2nd Year 
dissertation). A copy of the dissertation was submitted to the EngD office on 1st October 
2002.
2&4) It was established that the direction of the EngD project should become more specific. 
At the present stage, the EngD project is focusing, firstly, on the development of a reliable 
method to calculate C02 emission reductions from micro hydropower plants (MHPs) in 
Cajamarca-Peru (see item 3). The second stage of the EngD project is to establish a 
sustainable development tool applied to small-scale energy projects.
3&5) The 2nd field trip to Peru was prepared and carried out from July-September 2002 
under the advice of the academic and industrial supervisors. The HSE department of Shell 
Global Solutions provided the financial support for this field trip. Intermediate Technology- 
Peru provided institutional and technical advice.
The main objective of this field trip were the following:
• To obtain information (technical, financial, social, economic, etc.) about 7 MHPs 
operating in rural Cajamarca, Peru.
• To obtain, information about the energy use, needs and resources together with the 
social, economic, political, etc circumstances of the rural communities where these 
MHPs operate.
• To obtain information about the climate change policies and activities within the 
Peruvian rural context
The RE managed to obtain project and pre-project data from 8 case studies (7 villages use 
MHPs for electricity generation and 1 village uses traditional fuels). In order to obtain this 
information these approaches were applied: door-door surveys, focus groups, structured 
and informal interviews together with a desk study of the MHPs’ reports provided by ITDG- 
Cajamarca office.
Page 3 of 5
CONFIDENTIAL
A summary of the field trip proposal and a copy of the report on the field trip are included. 
The approaches (surveys, interviews, etc.) applied are presented in Appendix II of the 2nd 
year dissertation.
6) Analysis of data from field trip using numerical models and decision support 
techniques
At present, a data management process is being applied. Data sheets and fact sheets for 
each case study are being developed. A copy of the data sheets for four case studies 
(Chalan, Yumahua, Atahualpa and El Tinte) are included.
The quantification of the C02 emission reductions from the case studies is being carried 
out. The results of the 002 emission reductions from the case studies are also being 
compared to other previous studies/methods (C-Erupt and DFID-K Begg). A copy of the 
primary results of the 002 emission reductions calculations is included.
The decision support techniques have not been explored to date.
Documents included/referred to
The following are the documents included and referred in this progress report:
• 2nd Year Dissertation (Referred. This was submitted to the EngD office on 1st October 
2002 and it was included in the RE’s portfolio.
• Copy of 2nd Year Viva Result (included)
• Copy of Field Trip Proposal July-Septem ber 2002 {\nc\u6e6)
• Copy of Report on Field Trip to Cajamarca-Peru (included)
• Copy of Data Sheets for Chalan, Yumahual, Atahualpa and El Tinte (included)
• Copy of C02 Emission Reductions Calculations and Methodology (included)
Gantt Chart for the following period: April -  October 2003
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This Gantt Chart presents the main activities that will be carried out during the sixth six- 
month period of this EngD programme.
ACTIVITIES
w eekN '
Literature Review (small-scale enrgy CDM studies, renewable 
energy and CDM, sustainable development criteria, etc.
Reporting on C02 emission reductions methods using 5 case 
studies (Chalan, Trinidad, Abijadero, Conchan & Chugur) and 
comparing with other studies
Quantification of C02 emission reductions of 3 case studies 
(Atahualpa, El Tinte & Yumahual)
Finishing data sheets for each case study including all the 
information collected during the field trip
Reporting on C02 emission reductions methods using 3 case 
studies (Atahualpa, El Tinte & Yumahual) and comparing with
other studies
Studying the second objective of the EngD project: sustainable 
development delivery of the MHP plants
Reporting progress of study (six-month report)
Meeting with Academic Supervisors 
Meeting with Industrial Supervisor 
Meeting with both Supervisors 
EngD Conference and others seminars, conferences, etc.
EngD modules 
Holidays
14 15 16 17
April
18 19 20 21 22
May June July August September
23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
M
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University of Surrey Engineering Doctorate in Environmental
Technology (2000-2004). Progress Report, April -  September 2003
Summary
This section presents the progress report of the University of Surrey Engineering Doctorate 
in Environmental Technology (2000-2004) for April -  September 2003.
Progress Report, April -  September 2003
Two targets were proposed -these are explained below together with the tasks and 
deliverables provided in fulfilment of those targets. A list of the tasks for the following period 
(April -  September 2003) is also included as a Gantt Chart.
Targets
I. Fulfil the requirements of the Engineering Doctorate (EngD) Programme.
II. Work on tasks of the Clean Development Mechanism project presented in the last 
six-month report (01/04/03)
Tasks and deliverables
/. EngD Programme
Tasks
1) Attending modules and completing assignments on time and to appropriate quality.
2) Giving presentations on the EngD research; CES-Half baked seminar and EngD Paper.
3) Demonstrating clear and regular communications with EngD and academic supervisor.
Deliverables
1 ) Attending courses on:
Economic Approaches, one-week course, CES, University of Surrey (April 2003). 
Course Leader: Dr Suzy Hodgson.
A 64% mark was achieved on the module assignment. This assignment evaluates the 
economic costs/benefits of a MHP plant.
• Energy, 2-day course, Brunei University (May 2003).
Course Leader: John Washington-Smith.
The module assignment was sent and not mark has been received yet. This 
assignment studies the energy (electricity) costs at Cheshire Innovation Park.
Materials, 4-day course, Brunei University (July 2003).
Course Leader: Dr Jim Song.
The module assignment was sent and not mark has been received yet. This 
assignment reviews the barriers on the supply chain of ethanol-diesel.
The UK-Grad Programme organised by the EPSRC, on-week course, Oxford University 
at Saint Hilda’s College (August 2003). A copy of a completion certificate for this course 
is attached to this report.
2) A Half-baked seminar was held at CES about the EngD research last April. The title was 
‘Small is beautiful but is it possible with the Clean Development Mechanism’. The
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objective of this seminar was to improve the RE’s presentation skills and to build up the 
RE’s confidence on defending her research work.
A copy of the 20 min presentation is enclosed in the RE’s portfolio. Interesting questions 
and constructive suggestions were received during the seminar.
A paper was presented for the EngD 10th Anniversary Conference (June) at Brunei 
University. This included a poster presentation of the EngD paper, which was prepared 
by the RE with the advice of the Supervisors. During the EngD conference challenging 
questions were discussed with the participants. Positive feedback was also received. A 
copy of the paper and poster are included in the RE’s portfolio.
3) Communication with academic supervisors via email regularly and two-monthly meetings. 
Weekly progress meetings with industrial supervisor.
II. Tasks of the EngD project- The Clean Development Mechanism: Emission
Reductions Methods for Small-scale Projects and the Assessment of 
Sustainable Development Delivery
The main tasks of the project proposal reported in the previous six-month report (April 2003) 
included the following:
1 ) Review of the appropriate literature on emissions reductions methods for small-scale 
energy projects and for the assessment of sustainable development delivery.
2) Reporting on C02 emissions reductions methods using 5 case studies (Trinidad, 
Chalan, Chugur, Conchan and Ahijadero) and comparing with other studies.
3) Quantification of C02 emissions reductions of 3 case studies (Yumahual, El Tinte, 
and Atahualpa).
4) Reporting on C02 emissions reductions methods using 3 case studies (Yumahual, 
El Tinte, and Atahualpa) and comparing with other studies.
5) Studying the second objective of the EngD project: sustainable development delivery 
of the MHP plants.
6) Finance and sensitivity analysis of the 7 MHP plants and 1 SHS case in Cajamarca. 
Deliverables
1 ) The EngD conference paper presents a brief discussion of the different C02 emissions 
reductions methods available to quantify small-scale energy projects (refer to section 5.1. 
Approach to calculate CC2 emissions reductions).
A literature review on the sustainable development assessment of small-scale projects has 
been postponed to the next six-month period.
2) The EngD conference paper reports the methods and scenarios applied to quantify C02 
emissions reductions for Trinidad, Chalan, Chugur and Conchan. Ahijadero is not included 
in this paper as this has different case study characteristics, it will be reported for the next 
period.
3&4) Preliminary calculations of C02 emissions reductions have been developed for 
Yumahual, Atahualpa, El Tinte and SHS-Atahualpa. These calculations are in the form of a 
spreadsheet, which it is also included. Further analysis and discussion of the results need to 
be completed.
5) The second objective of the EngD research; sustainable development assessment of 
MHP plants has been postponed to the next six-month period. However, a preliminary study
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(an assignment) of the sustainable development benefits/costs of a MHP plant has been 
carried out for the Economic Approaches module. In August, a copy of this assignment was 
sent to the EngD office.
6) The finance and sensitivity analysis of 7 MHP plants (Trinidad, Chalan, Chugur, Conchan, 
Yumahual, El Tinte and Atahualpa) and 1 SHS case (SHS-Atahualpa) was carried out. The 
main objective of this work is to find out the incremental costs (abatement costs and 
baseline costs) of these projects at present in order to compare them and to explain the 
reasons behind the differences. The idea is to look at different perspectives of investment 
(local/ non-local, government and local/non-local business perspectives) towards these 
types of projects and how attractive are these different types of investments.
A copy of the logic of this analysis and the spreadsheet with the preliminary results are 
enclosed. A report on these results will be ready for next period.
Ill) Enclosed documents
The following are the documents enclosed to this report:
1) A copy of the UK-Grad Programme certificate.
2) A copy of the presentation prepared for the Half-baked seminar at CES.
3) A copy of the EngD 10th Anniversary Conference Paper and Poster.
4) A copy of the CQ2 emissions reductions for Yumahual, El Tinte, Atahualpa, and 
SHS-Atahualpa (in the form a spreadsheet document).
5) A copy of the Finance and Sensitivity Analysis for 7 MHP projects and 1 SHS case in 
Cajamarca (a background document and a spreadsheet with results).
Gantt Chart for the following period: October 2003 -  March 2004
This Gantt Chart presents the main activities that will be carried out during the sixth six- 
month period of this EngD programme.
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Period: October 2003 - March 2004
. î.. ~T.. 1 1 1 .. [.. T "  T"
ACTIVITIES October November December January February March
w eek N° 40 41 42 43 44 45 46 47 48 49 50 51 52 i 2 3 4 5 6 7 8 9 » n G 13
Literature Review (small-scale enrgy CDM studies, 
renewable energy and CDM, sustainable development
criteria, etc.)
m
Finance and Sensitivity Analysis of 7 MHP plants and 1 
SHS plant. Reporting
Completion of C02 Emissions Reductions for the 7 MHP 
plants and 1 SHS units. Reporting
Sustainable Development Analysis. Reporting
Bundling Analysis and other CDM issues
Outcomes and conclusions
Writing up Paper for Publication 1g } ) ■ aReporting progress of study (six-month report) _ 1
Meeting with Academic Supervisors
Meeting with Industrial Supervisor 1 1111I1I| I I1lI1III î fI
Meetingwith both Supervisors I 1
EngD Conference and others seminars, conferences, etc.
EngD modules
Holidays
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University of Surrey Engineering Doctorate in Environmental
Technology (2000-2004). Progress Report, October 2003 -  March 2004
Summary
This section presents the progress report of the University of Surrey Engineering Doctorate 
in Environmental Technology (2000-2004) for October 2003 -  March 2004.
Progress Report, October 2003 -  March 2004
Two targets were proposed -these are explained below together with the tasks and 
deliverables provided in fulfilment of those targets. A list of the tasks for the following period 
(April - October 2004) is also included as a Gantt chart.
Targets
I. Fulfil the requirements of the Engineering Doctorate (EngD) Programme.
II. Work on tasks of the Clean Development Mechanism project presented in the last 
six-month report (01/10/03)
Tasks and deliverables
/. EngD Programme
Tasks
1 ) Attending modules and completing assignments on time and to appropriate quality.
2) Assisting a workshop and an international conference
3) Demonstrating clear and regular communications with EngD and academic supervisor.
Deliverables
1 ) Attending courses on:
Talking to the media, one-week course, University of Surrey (27-31 October 2003). 
Course Leader: Mr A Roberts
A feedback from assignment was received. However, the mark is unknown. The 
assignment was to write up a possible short article (up to 500 words) about the EngD 
research for publication.
• Writing-up for the portfolio, 1-day course, University of Surrey (13 November 2003). 
Course Leader: Joanna Channell.
There was not a module assignment to develop. The course gave us an overview of 
how to start the portfolio writing-up.
Career advising, 1-day course, University of Surrey (14 November 2003).
Course Leader: Dr Chris France.
This day course was very useful to provide information about what to do after the EngD 
and how to do it. A case study presentation, a personality assessment and a career 
Adviser were the main activities carried out during the day.
Financial Management, distance-learning course, Brunei University (October 2003). 
Course Leader: Mr P Schmidt-Hansen.
An assignment about financial management in practice was carried out and sent on
Page 2 of 5
CONFIDENTIAL
April 2004. It has not been marked yet.
1 ) Attending a workshop and international conference:
■ A workshop was held in Groningen (the Netherlands) on 6th & 7th November 2003. The workshop 
addressed the problem of baseline and standardisation of baselines within the context of 
the Clean Development Mechanism and Joint Implementation. The workshop was part 
of the activities carried out by a project called PROBASE (Procedures for accounting and 
baselines for projects under Joint Implementation and the Clean Development Mechanism). The 
RE attended as a participant. The trip was partially funded by Shell Research Ltd and by 
the organisers of the even.
■ The RE attended the START International Young Scientists Global Change Conference. 
This even was hosted by the Third World Academy of Sciences in Trieste, Italy from 17- 
19 November 2003. The RE presented a paper called C02 emissions reductions from 
micro-hydropower plants in rural Peruvian Andes. The objective of this seminar was to 
share the RE’s research, to broad the researcher knowledge on the current issues of 
climate change and to build up the RE’s confidence on defending her research work.
A copy of the presentation is enclosed in the RE’s portfolio. Interesting questions and 
constructive suggestions were-received during the conference.
3) Communication with academic supervisors via email regularly and two-monthly meetings. 
Weekly progress meetings with industrial supervisor.
II. Tasks of the EngD project- The Clean Development Mechanism: Emission
Reductions Methods for Small-scale Projects and the Assessment of 
Sustainable Development Delivery
The main tasks of the project proposal reported in the previous six-month report (April 2003) 
included the following:
1 ) Review of the appropriate literature on emissions reductions methods for small-scale 
energy projects and for the assessment of sustainable development delivery.
2) Finance and sensitivity analysis of seven MHP plants and one SHS project.
3) Completion of C02 emissions reductions for the seven MHP plants and one SHS 
project.
4) Sustainable development analysis
5) Bundling and other CDM issues
Deliverables
1 ) The review of the literature available is on going as the RE has started to write-up a 
dissertation for her EngD portfolio. The literature review is included in chapter 1 of the 
dissertation.
2) The finance and sensitivity analysis of the eight projects studied has been produced as a 
draft document. This document is part of chapter 3 of the RE’s dissertation and it has 
been sent to Supervisors for their feedback (18/04/04). The draft of this document is 
included in this report.
1) A document containing the quantification of C02 emissions reductions for the eight 
energy projects has been developed. This quantification uses the available methods 
developed for small-scale energy projects. The UNFCCC and by ECN-Energy Centre of
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the Netherlands (through the CERUPT programme of the Dutch government) have 
proposed these methods. This is part of chapter 2 of the RE’s dissertation, which was 
sent to Supervisors for their feedback. The draft of this chapter 2 is included in this 
report.
2) The sustainable development analysis of the eight energy projects has been initiated 
and at present it is under going. A meeting with Dr Judith Cherny from the Imperial 
College has been arranged to discuss her research experience in studying similar types 
of projects in Peru. The meeting will be held 23/04/04.
3) Chapter 4 of the RE’s dissertation is being focused on Bundling under the CDM. This 
section is under going and will be reported next period.
Ill) Enclosed documents
The following are the documents enclosed to this report:
1) A copy of the presentation given at the START International Young Scientists Global 
Change Conference in Italy.
2) A copy of chapter 3- Finance and sensitivity analysis of eight energy projects (draft).
3) A copy of chapter 2- C02 emissions reductions for the eight energy projects (draft).
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Gantt Chart for the following period: April -  October 2004
This Gantt Chart presents the main activities that will be carried out during the sixth six- 
month period of this EngD programme.
Period: March -O c to be r2004
April May June July August September
Chapter 1 - Literature Review (small-scale energy CDM 
studies, bundling, transaction costs, sustainable development,
etc.)
Chapter 2 -C02 Emissions Reductions for the energy projects
Chapter 3 -Finance and Sensitivity Analysis o f energy projects
Chapter 4- Bundling Analysis o f small-scale energy CDM
projects
Chapter 5- Sustainable Development Analysis. Reporting
Completing writing up EngD portfolio (dissertation)
Writing up Paper for Publication
Reporting progress of study (six-month report)
Meeting with Academic Supervisors 
Meeting with Industrial Supervisor 
Meeting with both Supervisors 
EngD Conference and others seminars, conferences, etc. 
_____________________________________ Holidays
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Glossary of terms
A
Additionality
Under the Kyoto Protocol, certifi cates from Jl and the CDM (see explanations below) will be 
awarded only to project-based activities where emissions reductions are “additional to those that 
otherwise would occur”. The issue has to be elaborated further by the Parties to the Kyoto 
Protocol, and on the basis of practical experiences.
Annex B Countries
Annex B countries are the 39 emissions-capped countries listed in Annex B of the Kyoto Protocol. 
Annex I Countries
Annex I countries are the 36 countries and economies in transition listed in Annex I of the 
UNFCCC. Belarus and Turkey are listed in Annex I but not Annex B; and Croatia, Liechtenstein, 
Monaco and Slovenia are listed in Annex B but not Annex I. In practice, however, Annex I of the 
UNFCCC and Annex B of the Kyoto Protocol are often used interchangeably.
Annex II Countries
Annex II of the UNFCCC includes all original OECD member countries plus the European Union. 
Assigned Amount (AA) and Assigned Amount Units (AAUs)
The assigned amount is the total amount of greenhouse gas that each Annex B country is 
allowed to emit during the fi rst commitment period (see explanation below) of the Kyoto Protocol. 
An Assigned Amount Unit (AAU) is a tradable unit of 1 tC02e.
Activities Implemented Jointly (AM)
AIJ is a pilot phase for joint implementation activities, under which projects can be carried out 
through partnerships between an investor from a developed country and a counterpart in a host 
country. However, no credits are granted for AIJ pilot phase activities.
B
Baseline
Standard by which to measure verifiable changes in carbon stocks for the purpose of determining 
net changes of greenhouse gas emissions from burning fossil fuels. The scenario that reasonably 
represents the emissions by sources, of greenhouse gases, that would occur in the absence of 
project activities.
Business As Usual Scenario (BAU)
A business as usual scenario is a policy neutral reference case of future emissions, i.e. 
projections of future emission levels in the absence of changes in current policies, economics and 
technology.
Bundling
Under the CDM bundling refers to group a number of very small projects and to propose them as 
one small CDM activity, which should not exceed the definition given by the Executive Board for 
small eligible projects.
C
Cap and Trade
A cap and Trade system is an emissions trading system, where total emissions are limited or 
‘capped’. The Kyoto Protocol is a cap and trade system in the sense that emissions from Annex 
B countries are capped and that excess permits might be traded. However, normally cap and 
trade systems will not include mechanisms such as the CDM, which will allow for more permits to 
enter the system, i.e. beyond the cap.
Carbon dioxide equivalent (C02e)
The universal unit of measurement used to indicate the global warming potential of each of the 
six greenhouse gases. Carbon dioxide— a gas that is a byproduct of oxidising or burning fossil
fuels and biomass, land-use changes, and other industrial processes— is the reference gas 
against which the other greenhouse gases under the Kyoto Protocol are measured.
Certification
The process by which an independent accredited body (operational entity) gives written 
assurance of the emission reductions achieved by a project during a specified time period as 
verified (and under the conditions) necessary for recognition by the Parties.
Certified Emission Reductions (CERs)
A unit of greenhouse gas emission reductions issued pursuant to the Clean Development 
Mechanism of the Kyoto Protocol, and measured in metric tons of carbon dioxide equivalent.
Clean development mechanism
It is the third Kyoto mechanism, which allows developed countries to invest on clean technology 
programmes in developing countries that aim to reduce emissions and to achieve the donor 
countries’ commitments.
Climate change
A change in climate which is attributed directly or indirectly to human activity that alters the 
composition of the global atmosphere and that is in addition to natural climate variability over 
comparable time periods.
Commitment Period
The fi ve-year Kyoto Protocol Commitment Period is scheduled to run from calendar year 2008 to 
calendar year-end 2012.
Conference of the Parties (COP)
The COP is the supreme body of the Convention. It currently meets once a year to review the 
Convention’s progress. The word "conference" is not used here in the sense of "meeting” but 
rather of "association" the Parties.
Countries with Economies in Transition (EIT)
Countries that are in the transition from a planned economy to a market-based economy, i.e. the 
Central and East European countries, Russia, and the former republics of the Soviet Union.
Crediting period
The crediting period for a COM project activity is the period for which reductions from the baseline 
are verified and certified by a designated operational entity for the purpose of issuance of certified 
emission reductions (CERs). A crediting period shall not extend beyond the operational lifetime of 
the project activity. There are two options for the length of a crediting period: (a) a fixed crediting 
period of 10 years or (b) three renewable crediting periods of 7 years each.
D
Designated national authority
The designated national authority is the host country public office in charge of the climate 
negotiations in general and in evaluating COM projects at national level.
Designated operational entity
An entity accredited by the Executive Board and subsequently designated by the COP -under the 
Marrakech Accords- to validate proposed COM project activities and to verify and certify emission 
reductions.
Donor country
A donor country is an industrialised nation, which provides investment funds towards 
implementing an emission reduction project.
E
Environmental additionality
According to the Kyoto Protocol, gas emission reductions generated by Clean Development 
Mechanism and Joint Implementation project activities must be additional to those that otherwise
would occur. Additionality is established when there is a positive difference between the 
emissions that occur in the baseline scenario, and the emissions that occur in the proposed 
project.
Emission Reduction Unit (ERU)
Permits achieved through a Joint Implementation project.
Emissions to Cap (E-t-C):
Emissions-to-cap (E-t-C) is calculated by subtracting the seasonally adjusted cap from emissions 
(actual or forecasted). This metric gives an indication of whether the market (for a specifi c 
period) is producing more or less than the seasonally adjusted cap for that same period. More 
specifi cally, if not taking CERs into account, a positive (negative) E-C means that the market is 
fundamentally short (long), suggesting a buy (sell) signal.
Emissions trading (ET)
Under this Kyoto mechanism developed countries can trade their emission allowances with other 
countries.
Executive Board
The Executive Board of the COM is in charge of the supervision of the COM process, the 
development of the COM guidelines and the accreditation of independent certifiers -known as 
designated operational entities-. It is composed of then member representing each of the five 
official UN regions.
F
Financial additionality
COM projects have to be fi nancially additional, which means that the projects that Annex I 
countries support within the framework of the COM should not be fi nanced by offi cial 
development aid, but that additional funding is to be made available for such projects.
G
Greenhouse gases (GHGs)
Greenhouse gases (GHGs) are trace gases that control energy fl ows in the Earth’s atmosphere 
by absorbing infra-red radiation. Some GHGs occur naturally in the atmosphere, while others 
result from human activities. There are six GHGs covered under the Kyoto Protocol - carbon 
dioxide (C02), methane (CH4), nitrous oxide (N20), hydrofl uorocarbons (HFCs), perfl 
uorocarbons (PFCs) and sulphur hexafl uoride (SF6). C02 is the most important GHG released 
by human activities.
H
Host country
The country where emission reductions project is physically located; which is usually a 
developing nation.
Hot Air
Excess permits that have occurred due to economic collapse or declined production for reasons 
not directly related to intentional efforts to curb emissions.
I
implementation
Under the COM implementation is the execution of the COM project. It is part of the third stage of 
the COM project cycle.
J
Joint implementation (Jl)
The second Kyoto mechanism that allows developed countries to acquire emission reduction 
units when it helps to finance projects that reduce net emissions in another industrialized country, 
including countries with economies in transition.
K
Kyoto Protocol
The Kyoto Protocol originated at COP-3 to the UNFCCC in Kyoto, Japan, December 1997. It 
specifies emission obligations for the Annex B countries and defines the three so-called Kyoto 
mechanisms: Jl, CDM and emissions trading. It entered into force on 16 February 2006
L
Leakage
Leakage is defined as the net change of emissions by sources which occurs outside the project 
boundary, and which is measurable and attributable to the CDM project.
M
Marginal Abatement Cost
The marginal abatement cost is the cost of reducing emissions with one additional unit. 
Aggregated marginal costs over a number of projects or activities défi ne the marginal abatement 
cost curve.
Memorandum of Understanding (MoU)
A MoU is an agreement between two parties that aims to formally recognise a joint desire to 
ultimately conclude an agreement or to achieve goals jointly. It may or may not have legal 
backing of sanction, depending upon how it is constructed. MoUs are often used as a basis for 
CDM/JI projects.
Monitoring
Under the CDM monitoring is the collection and archiving of all relevant data necessary to 
estimate emission reductions within the project boundary. A monitoring plan is part of the project 
design document.
N
National Authorities and Designated National 
Authorities
The national authority is the offi cial body representing the Government which takes part in the 
arrangement of CDM/JI projects. For Jl host countries, the national authority approves the 
projects and issues the emission reduction units. For CDM host countries, the designated 
national authority issues a nonobjection letter necessary for the project approval.
Non-Annex I countries
Annex I is an Annex in the UNFCCC listing those countries that are signatories to the Convention 
and committed to emission reductions. The Non-Annex I countries are developing countries, and 
they have no emission reduction targets.
O
Off-grid electricity
It refers to electricity produced from independent systems that are not part of the national grid 
electricity of a country. For example, solar home systems or small diesel generators. On contrary, 
on-grid electricity refers to energy generated from the national grid system.
P
Permit
Permits are often used for denoting the tradable units under the Kyoto Protocol, i.e. AAUs, ERU 
or CERs.
Project boundary
The project boundary represents all emissions by sources that are caused by CDM project. 
Project Design Document (PDD)
Document completed by project developers in order to register their project under the CDM.
R
Registration
Registration is the formal acceptance by the CDM Executive Board of a validated project as a 
CDM project activity. It is the second main step of the CDM cycle.
S
Sustainable Development
Sustainable Development is a broad concept, which refers to the need to balance between the 
satisfaction of the present and future interests, including the need for a safe and healthy 
environment. As expressed by the 1987 UN World Commission on Environment and 
Development -the Brundtland Commission-, sustainable development “meets the needs of the 
present generation without compromising the ability of future generations to meet their needs.”
Stakeholders
Stakeholders mean the public, including individuals, groups or communities affected, or likely to 
be affected, by the proposed CDM project activity or actions leading to the implementation of 
such an activity.
T
Transaction costs
Under the CDM transaction costs include the administration costs in applying for CDM eligibility. 
These costs are management, advice from consultants, registration and certification to the 
Executive Board and designated operational entities fees for validation and verification of the 
activity.
U
United Nations Framework Convention on Climate Change (UNFCCC)
The UNFCCC was established 1992 at the Rio Earth Summit. It is the overall framework guiding 
the international climate negotiations. Its main objective is “stabilisation of greenhouse gas 
concentrations in the atmosphere at a level that would prevent dangerous anthropogenic (man- 
made) interference with the climate system”.
V
Validation
The assessment of a project’s Project Design Document, which describes its design, including its 
baseline and monitoring plan, by an independent third party, before the implementation of the 
project against the requirements of the CDM.
Verification
The periodic independent review and ex post determination by an Operational Entity of the 
monitored reductions in anthropogenic emissions by sources of greenhouse gases that have 
occurred as a result of a registered CDM Project activity during the verification period. It could 
involve physical, on-site inspection, or where useful, deployment of techniques such as remote 
sensing or interviewing relevant personnel in person or otherwise. It could be applied to each and 
every project or to a fraction of projects chosen randomly or selected according to agreed criteria.
